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A Corporate Dedication to 
Quality and Reliability 


National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv- 
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac- 
turing and shipping, our quality and reliability is second 
to none. | 

We are proud of our success . . . it sets a standard for 
others to achieve. Yet, our quest for perfection is on- 
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 


Abin 


Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor Corporation 





Wir fuhlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 


National Semiconductor Corporation ist fiinrend bei der Her- 
stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es galt, die Zahl von IC Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes- 
sern. Vom Rohmaterial iber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro- 
dukte von National Semiconductor sind untibertroffen. 


Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
fir andere erstrebenswert sind. Auch ihre Anspriiche steig- 
en standig. Sie als unser Kunde k6nnen sich auch weiterhin 
auf National Semiconductor verlassen. 


La Qualité et La Fiabilité: 


Une Vocation Commune Chez National 
Semiconductor Corporation 


National Semiconductor Corporation est un des leaders in- 
dustriels qui fabrique des circuits intégrés d’une trés grande 
qualité et d’une fiabilité exceptionelle. National a été le pre- 
mier a vouloir faire chuter le nombre de circuits intégrés 
défectueux et a augmenter la durée de vie des produits. 
Depuis les matiéres premiéres, en passant par la concep- 
tion du produit sa fabrication et son expédition, partout la 
qualité et la fiabilité chez National sont sans équivalents. 


Nous sommes fiers de notre succés et le standard ainsi 
défini devrait devenir l’objectif 4 atteindre par les autres so- 
ciétés. Et nous continuons a vouloir faire progresser notre 
recherche de la perfection; il en résulte que vous, qui étes 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systémes 
d’une trés grande qualité standard. 


Charles E. Sporck 


Un Impegno Societario di Qualita e 
Affidabilita 


National Semiconductor Corporation é un’industria al ver- 
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National é stata il principale promotore per I’ab- 
battimento della difettosita dei circuiti integrati e per l’allun- 
gamento della vita dei prodotti. Dal materiale grezzo attra- 
verso tutte le fasi di progettazione, costruzione e spedi- 
zione, la qualita e affidabilita National non é seconda a nes- 
suno. 


Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. II nostro desiderio di per- 
fezione é d’altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor- 
poration per la produzione dei tuoi sistemi con elevati livelli 
di qualita. 


President, Chief Executive Officer 
National Semiconductor Corporation 
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LIFE SUPPORT POLICY 


NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR- 
PORATION. As used herein: 


. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (6) support or sustain life, and whose failure to per- 
form, when properly used in accordance with instructions 
for use provided in the labeling, can be reasonably ex- 
pected to result in a significant injury to the user. 


2. A critical component is any component of a life support 
device or system whose failure to perform can be reason- 
ably expected to cause the failure of the life support de- 
vice or system, or to affect its safety or effectiveness. 


National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 


National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 
without notice, to change said circuitry or specifications. 
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Introduction 


National’s F100K ECL family has gained acceptance 
as the standard subnanosecond logic and memory 
family used in high-speed, next generation systems. 
The family now includes the F100K 300 Series de- 
vices that offer specifications of DC and AC parame- 
ters over the full ~4.2V to —5.7V Vee operating 
range and 0°C to 85°C case temperature, military 
versions (— 55°C to + 125°C), full voltage and tem- 
perature compensation, PCC packaging and 2000V 
minimum ESD protection. Together the 100 Series 
and 300 Series devices provide a ultra-high perform- 
ance, cost-effective, easy to use ECL logic family. 


F100K Data Book 


Product Index and Selection Guide 


The Product Index is a numerical list of all device 
types contained in this book, including one page de- 
scriptions on all of National’s other ECL devices 
(SRAMs, PALs and ASICs). The Selection Guide 
groups the products by function and by family. 


Section 1 Family Overview 


Discusses F100K design philosophy and actualiza- 
tion and summarizes the key F100K features and 
advantages in high speed systems. The features 
and benefits of the 300 Series devices are brought 
out in great detail. 


Section 2 F100K 300 Series Datasheets. .2-1 


Contains individual data sheets for the F100K 300 
Series family devices. 


Section 3 F100K 100 Series Datasheets . .3-1 


Contains individual data sheets for the Fi00K 100 
Series family devices. 


Section4 11C Datasheets 
Contains individual data sheets for the 11C devices. 


Section5 ECL BiCMOS SRAMs 


Contains only the first page of each of the ECL 
BiCMOS SRAM data sheets. For full details refer to 
the Memory Databook. 


Section6 ECL PALs and ASIC’s 


Contains only the first page of each of the 6 ns and 
4 ns ECL PAL datasheets, and the entire ECL ASIC 
datasheet. For full details on the PALs, refer to the 
Programmable Logic Devices Databook and Design 
Guide. For full details on the ASIC FGE Series, con- 
tact the ASIC Product Marketing Group. For details 
on the ASIC FGA Series, refer to the FGA Series 
ASPECT™ ECL Gate Array Datasheet. 


F100K Design Guide and 
Application Notes—Section 7 


Chapter 1 Circuit Basics 

Discusses internal circuitry and logic function forma- 
tion. Also, a sample analysis of noise margins is out- 
lined. 


Chapter 2 Logic Design 


Features brief applications of F100K logic arranged 
according to function. 


Chapter 3 Transmission Line Concepts . 7-22 
Reviews the concepts of characteristic impedance 
and propagation delay and discusses termination, 
mismatch, reflections and associated waveforms. 


Chapter 4 System Considerations 

Extends the transmission line approach to the spe- 
cific configurations, signal levels and parameter val- 
ues of ECL. Various methods of driving and termi- 
nating signal lines are discussed. 


Chapter 5 Power Distribution and 

Thermal Considerations 
Discusses power supply, decoupling and system 
cooling requirements. 
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Introduction 


Chapter6 Testing Techniques 

Discusses various methods and techniques used in 
testing ECL devices (intended for those concerned 
with customer incoming inspection). Also includes a 
section on Electrostatic Discharge, what is ESD and 
how we perform our ESD Classification testing. 


Chapter 7 Quality Assurance 
and Reliability 


Reviews the quality and reliability programs currently 
in use. 


Application Notes 
Contains several application notes on designing high 
speed systems using ECL. 


Section 8 Ordering Information and 
Package Outlines 





Alpha-Numeric Index 


11001 Dual Input OR/NOR Gate 

11C05 1 GHz Divide-by-Four Counter 

11C06 750 MHz D-Type Flip-Flop 

11070 Master-Slave D-Type Flip-Flop 

11090 650 MHz Prescaler 

11091 650 MHz Prescaler 

AN-573 Design Considerations for High Speed Architectures 
AN-582 Using the F100250 for Copper Wire Data Communications 
AN-650 The ECL System Solution 

AN-651 10K vs 100K ECL I/O System Considerations 

AN-682 Terminating F100K ECL Inputs 

AN-683 300 MHz Dual Eight-Way Multiplexer/Demultiplexer 
AN-684 F100336 Four Stage Counter/Shift Register 

AN-685 Using the F100181 ALU and F100179 Carry Look-Ahead 
F100101 Triple 5-Input OR/NOR Gate 

F100102 Quint 2-Input OR/NOR Gate 

F100104 Quint 2-Input AND/NAND Gate 

F100107 Quint Exclusive OR/NOR Gate 

F100112 Quad Driver 

F100113 Quad Driver 


F100115 Low Skew Quad Driver 
F100117 Triple 2-Wide OA/OAI Gate 
F100118 5-Wide 5-4-4-4-2 OA/OAI Gate 
F100121 9-Bit Inverter 

F100122 9-Bit Buffer 


F100126 9-Bit Backplane Driver 

F100128 Octal Bidirectional ECL/TTL Translator 
F100130 Triple D Latch 

F100131 Triple D Flip-Flop 

F100135 Triple JK Flip-Flop 

F100136 4-Stage Counter/Shift Register 
F100141 8-Bit Shift Register 

F100142 4 x 4 Content Addressable Memory 
F100150 Hex D Latch 

F100151 Hex D Flip-Flop 

F100155 Quad Multiplexer/Latch 

F100156 Mask/Merge Latch 

F100158 8-Bit Shift Matrix 

F100160 Dual Parity Checker/Generator 
F100163 Dual 8-Input Multiplexer 

F100164 16-Input Multiplexer 

F100165 Universal Priority Encoder 
F100166 9-Bit Comparator 

F100170 Universal Demultiplexer/Decoder 
F100171 Triple 4-Input Multiplexer with Enable 
F100175 Quint 100K-to-10K Latch 

F100179 Carry Lookahead Generator 
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Alpha-Numeric Index continues) 


F100180 High-Speed 6-Bit Adder 

F100181 4-Bit Binary/BCD ALU 

F100182 9-Bit Wallace Tree Adder 

F100183 2 x 8-Bit Recode Multiplier 

F100250 Quint Full Duplex Line Transceiver 

F100301 Low Power Triple 5-Input OR/NOR Gate 

F100302 Low Power Quint 2-Input OR/NOR Gate 

F100304 Low Power Quint AND/NAND Gate 

F100307 Low Power Quint Exclusive OR/NOR Gate 

F100311 Low Skew 9-Bit Clock Driver 

F100313 Low Power Quad Driver 

F100314 Low Power Quint Differential Line Receiver 

F100321 Low Power 9-Bit Inverter 

F100322 Low Power 9-Bit Buffer 

F100324 Low Power Hex TTL-to-ECL Translator 

F100325 Low Power Hex ECL-to-TTL Translator 

F100328 Low Power Octal ECL/TTL Bidirectional Translator with Latch 
F100329 Low Power Octal ECL/TTL Bidirectional Translator with Register 
F100331 Low Power Triple D Flip-Flop 

F100336 Low Power 4-Stage Counter/Shift Register 

F100341 Low Power 8-Bit Shift Register 

F100343 Low Power Octal Latch 

F100344 Low Power Octal Latch with Cutoff Drivers 

F100350 Low Power Hex D Latch 

F100351 Low Power Hex D Flip-Flop 

F100352 Low Power Octal Buffer with Cutoff Drivers 

F100353 Low Power Octal Register 

F100354 Low Power Octal Register with Cutoff Drivers 

F100355 Low Power Quad Multiplexer/Latch 

F100360 Low Power Dual Parity Checker/Generator 

F100363 Low Power Dual 8-Input Multiplexer 

F100364 Low Power 16-Input Multiplexer 

F100370 Low Power Universal Demultiplexer/Decoder 

F100371 Low Power Triple 4-Input Multiplexer 

F100393 Low Power 9-Bit ECL-to-TTL Translator with Latch 

F100395 Low Power 9-Bit ECL-to-TTL Translator with Register 

FGA Series ASPECT ECL Gate Arrays 

NM5100/NM100500 ECL 1/0 256k BICMOS SRAM 262,144 x 1 Bit 
NM5104/NM100504 256k BiCMOS SRAM 64k x 4 Bit 
NM100492/NM4492 2k x 9 Advanced Self-Timed SRAM (Preliminary) 
NM100494 64k BiCMOS SRAM 16k x 4 Bit 

NM10494 64k BiCMOS SRAM 16k x 4 Bit 

PAL10/10016C4-2 2 ns ECL ASPECT Programmable Array Logic (PLCC) 
PAL10/10016P4-2 2 ns ECL ASPECT Programmable Array Logic (DIP) 
PAL10/10016P4A 4 ns ECL Programmable Array Logic 
PAL10/10016P8 ECL Programmable Array Logic 

PAL10/10016P8-3 3 ns ECL ASPECT Programmable Array Logic (DIP) 
PAL10/10016PE8-3 3 ns ECL ASPECT Programmable Array Logic (PLCC) 
PAL10/10016RD8 ECL Registered Programmable Array Logic 
PAL10/10016RM4A ECL Registered Programmable Array Logic 
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F100K Product Selection Guide 


Inputs/ No. of 
OR/NOR/Exclusive OR 


Low Power Triple 5-Input OR/NOR 100301 24, 28(PCC) 
Triple 5-input OR/NOR 100101 24 
Low Power Quint 2-Input OR/NOR 100302 24, 28(PCC) 
Quint 2-Input OR/NOR 100102 24 
Dual Input OR/NOR 11001 16 
Low Power Quint Exclusive OR/NOR 100307 24, 28(PCC) 
Quint Exclusive OR/NOR 100107 24 


AND/NAND 


Low Power Quint 2-Input AND/NAND 100304 ; 24, 28(PCC) 
Quint 2-Input AND/NAND 100104 24 


OR-AND/OR-AND-INVERT 


Triple 2-Wide OA/OAI 100117 24 
5-Wide 5, 4, 4, 4, 2 OA/OAI 100118 5/4/4/4/2 24 


Flip-Flops 


Function Clock Direct Complementary 
Edge Clear Outputs 
x Yes Yes Yes 


Low Power Triple D Flip-Flop 100331 24, 28(PCC) 
Triple D Flip-Flop 100131 ; 24 
Triple J-K Flip-Flop 100135 24 
Low Power Hex D Flip-Flop 100351 24, 28(PCC) 
Hex D Flip-Flop 100151 24 
750 MHz D Flip-Flop 11006 16 
Master-Slave D Flip-Flop 11070 16 


Function Enable Complementary Direct 
Inputs Outputs Clear 
Yes Yes Yes 


Triple D Latch 100130 24 
Low Power Hex D Latch 100350 24, 28(PCC) 
Hex D Latch 100150 24 
Low Power Quad 2-Input Mux/Latch 100355 24, 28(PCC) 
Quad 2-Input Mux/Latch 100155 24 
Mask-Merge Latch 100156 24 
Quint 100K-to-10K Latch 100175 24 
Low Power 8-Bit Latch 100343 24, 28(PCC) 
Low Power 8-Bit Latch w/Cutoff 100344 24, 28(PCC) 
Drivers and 252 Drive 
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F100K Product Selection Guide 


Multiplexers/Demultiplexers/Decoders 


Enable Complementary 
Function 
Inputs Outputs 


Multiplexers 


Low Power Quad 2-Input Mux/Latch 100355 24, 28(PCC) 
Quad 2-Input Mux/Latch 100155 24 
Low Power Dual 8-Input 100363 ; 24, 28(PCC) 
Dual 8-Input 100163 24 
Low Power 16-Input 100364 24, 28(PCC) 
16-Input 100164 24 
Low Power Triple 4-Input 100371 1(L) 24, 28(PCC) 
Triple 4-Input 100171 4(L) 24 


Decoders/Demultiplexers 


Low Power Dual 1-of-4/Single 1-of-8 100370 2(L) & 2(L) 24, 28(PCC) 
Dual 1 of 4/Single 1 of 8 100170 2(L) & 2(L) 24 


Translators 


Function enable Complementary 
Inputs 


Low Power Hex TTL-to-100K ECL 100324 Flow-thru Outputs 24, 28(PCC) 
Hex TTL-to-100K ECL 100124 Flow-thru Outputs 24 
Low Power Hex 100K ECL-to-TTL 100325 Flow-thru Inputs 24, 28(PCC) 
Hex 100K ECL-to-TTL 100125 Flow-thru Inputs 24 


Low Power Octal Bidirectional ECL/TTL 100328 Latch 24, 28(PCC) 
Low Power Octal Bidirectional ECL/TTL 100329 Register 24, 28(PCC) 
Octal Bidirectional ECL/TTL 100128 Latch ; 24 
Quint 100K-to-10K 100175 Latch 24 
Low Power 9-Bit ECL-to-TTL 100393 Latch 24, 28(PCC) 
Low Power 9-Bit ECL-to-TTL 100395 Register 24, 28(PCC) 





Registers/Shift Registers 


Function Device Complementary 
Outputs 


Registers 

Low Power 8-Bit Register 100353 24, 28(PCC) 

Low Power 8-Bit Register w/Cutoff 100354 24, 28(PCC) 
Drivers and 252, Drive 

Shift Registers 

Low Power 4-Bit Bidirectional Shift Reg. 100336 24, 28(PCC) 

4-Bit Bidirectional Shift Reg 100136 24 

Low Power 8-Bit Shift Register 100341 24, 28(PCC) 

8-Bit Shift Register 100141 24 


New Octals 


Function 


Low Power 8-Bit Latch 100343 24, 28(PCC) 
Low Power 8-Bit Latch 100344 24, 28(PCC) 
Low Power 8-Bit Buffer 100352 24, 28(PCC) 
Low Power 8-Bit Register 100353 24, 28(PCC) 
Low Power 8-Bit Register 100354 24, 28(PCC) 





Buffers/Drivers/Receivers 


Function 


Buffers/Inverters 

Low Power 9-Bit Inverter 

9-Bit Inverter 

Low Power 9-Bit Buffer 

9-Bit Buffer 

Low Power 8-Bit Buffer 
Drivers/Bus Drivers 

Low Power Quad Line Driver 
Quad Line Driver 

Quad Line Driver 

Low Skew Quad Clock Driver 

Low Skew 9-Bit Clock Driver 

Hex Bus Driver 

9-Bit Backplane Driver 
Receilvers/Transceivers 

Low Power Quint Differential Line Receiver 
Quint Differential Line Receiver 
Quint Full Duplex Line Transceiver 


Counters/Prescalers 


Function 


Counters 

Low Power 4-Bit Binary Counter 
4-Bit Binary Counter 

1 GHz Divide-by-Four Counter 
Prescalers 


650 MHz Prescaler 
650 MHz Prescaler 


11005 


11090 
11091 


Arithmetic Operators 


Function 


High Speed 6-Bit Adder 

Carry Lookahead 

4-Bit Binary/BCD ALU 

9-Bit Wallace Tree Adder 

2 x 8-Bit Recode Multiplier 

Low Power Dual 9-Bit Parity Checker/Generator 
Dual 9-Bit Parity Checker/Generator 


100321 
100121 
100322 
100122 
100352 


100313 
100113 
100112 
100115 
100311 
100123 
100126 


100314 
100114 
100250 


Output 252 
Polarity Drive 


Inverting 
Inverting 
Non-Inverting 
Non-Inverting 
Non-Inverting 


Differential 
Differential 
Differential 
Differential 
Differential 
Non-Inverting 
Non-Inverting 


Differential 
Differential 
Differential 


Device 


100180 
100179 


100181 


100182 
100183 
100360 
100160 


Expandable 


Expandable 
Expandable 


Output 
Cut-Off 


Entry 


100336 
100136 


8 Logic/8 Arithmetic Ops 


24, 28(PCC) 
24 

24, 28(PCC) 
24 

24, 28(PCC) 


24, 28(PCC) 
24 
24 
16 
28(PCC) 
24 
24 


24, 28(PCC) 
24 
24 


24, 28(PCC) 
24 
16 


16 
16 


24 
24 
24 
24 
24 
24, 28(PCC) 
24 
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100166 
100165 


9-Bit Comparator 

8-Input Priority Encoder 

8-Bit Shift Matrix 

4-Bit Mask-Merge/Latch 

4x 4-Bit Content Addressable Memory 


Expandable 24 
Dual 4-Bit/Single 8-Bit 24 
100158 Barrel Shift, Backfill 24 
100156 Bit-Selectable Merge 24 
100142 24 
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BiCMOS ECL I/O SRAM Selection Guide 


Range 


NM5100 256k x 1 —5.2V 45% 0°C to + 85°C 
NM100500 256k x 1 —4,.2V to —4.8V : 0°C to + 85°C 
NM5104 64k x 4 —5.2V +5% 12,15 0°C to + 85°C 
NM100504 64k x 4 —4.2V to —4.8V 15 0°C to + 85°C 
NM100494 16k x 4 —4.2V to —4.8V 15, 18 0°C to + 85°C 
NM10494 16k x4 —5.2V 45% 10, 12,15 0°C to + 75°C 
NM100492 2kx9 —4,2V to —4.8V 7,10 0°C to + 75°C 
NM4492 2k x9 —5.2V £5% 5,7, 10 0°C to + 75°C 


For further information on the ECL SRAMs, see the one page description of each device in this book; or refer to the Memory Databook for full details. 


ECL Programmable Logic Selection Guide 


sarin Teo Tice ua) | tts | 
ee Registered 


PAL1016P8 
PAL10016P8 
PAL1016P4A 
PAL10016P4A 
PAL1016PE8-3 
PAL10016PE8-3 
PAL1016P8-3 


PAL10016P8-3 
PAL1016C4-2 
PAL10016C4-2 
PAL1016P4-2 
PAL10016P4-2 


PAL1016RD8 
PAL10016RD8 
PAL1016RM4A 
PAL10016RM4A 
Note 1: Maximum tpp for combinatorial outputs (commercial operating range). Denotes characteristic speed of family where product has all registered outputs. 


For further information on the ECL PALs, see the one page description of the devices in this book; or refer to the Programmable Logic Devices Databook and 
Design Guide. 
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ECL Gate Array Selection Guide 


FGE Series 


Part Equivalent Internal Internal 
Number Gates Cells Gate Delay 


FGE0050 60 
FGE0500 680 
FGE2000 2500 
FGE2450 2840 
FGE2500 2840 
FGE6300 6300 
FGE6320R 3500 plus 
2.3k Bits RAM 


For further information on the ECL FGE Series Gate Arrays, contact the ASIC Product Marketing Group. 


FGA Series—ASPECT 


Equivalent Internal Internal 
Gates Cells Gate Delay 


FGA0150 269 ; 75 16, 24, 28 
FGA0200 269 75 16, 24, 28 
FGA0600 792 240 44,75 
FGA1300 1642 528 75, 109, 116 
FGA2800 3035 1044 75, 109, 116 
FGA4000 4704 1600 99, 132, 172, 173 
FGA8000 8000 3000 99, 132, 172, 173 
FGA14000 16709 5904 323 
FGA15000 16644 5920 303 
FGA30000 28486 10266 323 
FGA14040R 7835 plus 2624 plus 323 

4.6k Bits RAM 64x9x8 RAM 


For further information on the ECL Gate Array devices, see the full description of the FGA Series in this book; or refer to the FGA Series ASPECT™ ECL Gate 
Array Databook. 
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Product Status Definitions 


Definition of Terms 


Data Sheet Identification Product Status Definition 
Formative or This data sheet contains the design specifications for product 
In Design development. Specifications may change in any manner without notice. 
First This data sheet contains preliminary data, and supplementary data will 
Production be published at a later date. National Semiconductor Corporation 


reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 


Full This data sheet contains final specifications. National Semiconductor 
Production Corporation reserves the right to make changes at any time without 
oted notice in order to improve design and supply the best possible product. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 


improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Family Overview 


Introduction 


Systems designers have found that Emitter Coupled Logic 
(ECL) circuits offer significant advantages to high-speed 
systems. These advantages include high switching rates 
with moderate power consumption, low propagation delays 
with moderate edge rates, and the ability to drive low imped- 
ance transmission lines. Most F100K devices have 50 kN 
pull-down resistors on all the inputs. 


The F100K ECL family is the realization of refinements 
made on ECL design to produce a family of ultrafast logic 
and memory components. These components are capable 
of providing ultimate performance for packaged SSI/MSI, 
are easy to use, and cost effective. 


F100K ECL has been accepted as the standard subnanose- 
cond logic and memory family used in high-speed, next gen- 
eration systems. The advance into complex LS! and gate 
arrays is fully supported by the Fi00K SSI/MSI parts. 


Beginning in 1989, National introduced a new line of F100K 
ECL products, known as 300 Series. These 300 Series 
products are fully compatible with existing F100K 100 Se- 
ries Products, but offer many improvements. Features in- 
clude much lower power dissipation, stable DC specifica- 
tions over a wider supply voltage range, plastic chip carrier 
(PCC) surface mount packaging, higher electrostatic dis- 
charge (ESD) tolerance, and full MIL-STD-883C qualifica- 
tion levels. The 300 Series family includes pin and function 
compatible versions of several popular 100 Series products, 
as well as many new proprietary products. 


Most of the 300 Series improvements were extensions of 
F100K 100 Series design and process techniques. This sec- 
tion will begin with an overiew of the F100K 100 Series fami- 
ly, and then discuss the 300 Series improvements. Generic 
references to F100K apply to both Series of products. 


F100K 100 Series 
Design Philosophy 


F100K 100 Series was designed to meet four key require- 
ments: high speed at reduced power, high level of on-chip 
integration, flexible logic functions, and optimum I/O pin as- 
signment. 


Subnanosecond Gate Delays 


The subnanosecond internal gate delays of Fi00K 100 Se- 
ries are obtained by the use of ECL design techniques and 
the advanced Isoplanar-Z process. Many circuit approaches 
were carefully considered prior to selecting the optimum 
gate configuation for the F100K family. The emitter-follower 
current-switch (E2CL) and current-mode logic (CML) gates 
were eliminated mainly because of poor capacitive drive 
and lack of output wired-OR capability; the CML gate has 
low noise margins. The 2-14D, EFL, DCTTL and hysteresis 
gates were eliminated due to the lack of simultaneous com- 
plementary outputs along with difficult temperature and volt- 


age compensation characteristics that lead to the loss of 
system noise immunity. 


The choice narrowed down to the current-switch emitter-fol- 
lower ECL gate which offers the following characteristics: 


© High fan-out capability 
¢ Simultaneous complementary outputs 
Excellent AC characteristics 
Compatibility with existing ECL logic and memories 
Internal series gating capability 
Good noise immunity 


Amenable full compensation and extended temperature 
characteristics 


¢ External wired-OR capability 


In order to ease drive requirements all circuit inputs were 
designed to have similar loading characteristics; i.e., buffers 
are incorporated where an input pin would normally drive 
more than one on-chip gate. The on-chip delay incurred by 
buffering is less than the system delay caused by an output 
which drives a capacitance of higher than three unit loads. 
Full compensation was selected for the F100K Family to 
provide improved switching characteristics. Full compensa- 
tion results in relatively constant signal levels and thresh- 
olds and in improved noise margins over temperature and 
voltage variations from chip to chip, and thus a tighter AC 
window in the system environment. A comparison of fully 
compensated ECL to conventional ECL shows a 2:1 im- 
provement in system AC performance due solely to full 
compensation (Figure 1-7). And, the improved speed has 
been achieved at reduced power. Power reduction is ac- 
cqmplished by the use of advanced process technology that 
reduces parasitic capacitances and improves tolerances, by 
optimum circuit designs using series gating and collector 
and emitter dotting, and by designing for the use of a —4.5V 
Vege power supply. F100K 100 Series is specified at a Veg 
power supply of —4.2V to —4.8V, but a —5.2V +10% pow- 
er supply can be used to interface with 2 ns ECL families. 


VeE= —4.5V%7% ——=—FULLY COMPENSATED 
Vit= -2.0 V210% ——==UNCOMPENSATED 
To = 50°C + 25°C 


PROPAGATION DELAY — ns 





UNIT LOAD 


TL/F/9908~1 
FIGURE 1-1. Comparison of Propagation Delays 
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High On-Chip Integration 

Higher on-chip integration is made possible by using the 24- 
pin package to increase the number of signal pins by 62% 
over the conventional 16-pin package. The emphasis in 
F100K is to minimize the number of SSI functions and maxi- 
mize the use of MSI and LSI to reduce wiring delays and 
thus make more efficient use of the fast on-chip switching 
technology. Only 10 SS! functions are needed to serve the 
system needs presently requiring 25 functions in the ECL 
10K family. 


Flexibility and Pin Assignment 


F100K was planned to minimize to total number of logic 
functions by increasing the flexibility of each function and by 
making use of more I/O pins. Since next-generation system 
performance and ease of system designs are major F100K 
goals, pin assignment is important and was planned to mini- 
mize crosstalk, noise coupling and feedthrough, to facilitate 
OR-ties and to ease power-bus routing. Some of the key 
considerations in selecting the Fi00K pin assignments 
were: 


¢ Locate power pins in the center on opposite sides of the 
DIP package to ease system design and to provide low- 
inductance connections to the chip. 


Provide two Vcc pins, one for the internal circuit and one 
for the output buffers, to minimize noise coupling. 


Locate inverting outputs of logically independent gates 
adjacent to each other. This provides the ability to wire 
AND-OR-Invert functions with ease. 


Locate common pins such as common Reset and com- 
mon Clock at pin number 22 and Address or control in- 
puts at pins 19 and 20 for flatpaks. This is to maximize 
use of Computer Aided Design (CAD) for board layouts. 


When feasible, mode control pins are used to create mul- 
tipurpose devices. 


Process Technology 


FAST-Z Process 


The F100K 100 Series ECL family is fabricated using an 
advanced isoplanar technology called FAST-Z. This pro- 
cess makes possible subnanosecond logic delays and very 
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highly controlled switching characteristics for consistent de- 
vice-to-device high-speed performance. 


The technology can best be described by reviewing the evo- 
lution of the transistor structure from the conventional pla- 
nar and the original Isoplanar Il processes to the FAST-Z 
and FAST-LSI processes (Figure 1-2). The top view shows 
the area needed for each structure; the dashed area is the 
center of the isolation region. 


As in all lsoplanar technologies, the FAST-Z processes se- 
lectively grow a thick oxide between devices instead of the 
P+ region that is present in the planar process. The oxide 
needs no separation from the base-collector regions, result- 
ing in a substantial reduction in device and chip size. The 
base and emitter ends terminate in the oxide wall. The mask 
openings can therefore overlap onto the isolation oxide 
making them self-aligned in that direction. This overlap fea- 
ture means that base and emitter masking does not have to 
meet the extremely close tolerances that might otherwise 
be necessary. In addition, the FAST-Z transistor contacts 
are defined on a single mask layer making them self-aligned 
in the other direction. 


Both the self-alignment feature and the ability to overlap the 
mask openings onto the isolation oxide provide improved 
Process control. The need to meet extremely close toler- 
ances that otherwise might be necessary is therefore avoid- 
ed. 


The FAST-Z “walled emitter” structures provide a reduction 
in transistor silicon area of 400 percent as compared to the 
planar structure. The collector-substrate therefore is also 
reduced by 400 percent. The collector-base area is reduced 
by 540 percent. These area reductions, combined with the 
shallower junctions achieved by well controlled ion implan- 
tation processes, provide significantly reduced capacitance 
and resistance values within the FAST-Z transistor struc- 
ture. This, is turn, allows higher speeds. 


FAST-LSI Process 


The 300 Series family is fabricated using an advanced iso- 
planar technology called FAST-LSI. The FAST-LSI process 
is similar to FAST-Z, but also includes many improvements 
which enhance performance, manufacturability, and reliabili- 
ty. Metal. alignments have been tightened, shortening the 
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FIGURE 1-2. Evolution of Bipolar Transistor Structures 





distance between base and emitter contacts. This reduces 
the base capacitance, giving Frs of 8 GHz vs 5 GHz for 
FAST-Z. Parasitic capacitances are also reduced, allowing 
products to be designed with lower power consumption. 


The FAST-LSI process implements wafer planarization 
techniques to smooth the interconnect metal transitions, 
significantly reducing thermal stresses on the die when en- 
capsulated in molded plastic packaging. In addition, these 
planarization techniques increase metal step coverage to 
typically 65% for first level metal and 75% for second level 
metal. Increased metal thicknesses over a step improve 
current density performance and circuit reliability. First layer 
metal step coverage is improved by the addition of bird’s 
head planarization after the oxide isolation process. Second 
layer metal step coverage improvements are provided by a 
technique known as spun-on-glass, an interlayer dielectric 
planarization. 


FAST-LSI is a fully ion-implanted process, providing more 
precise control over doping profiles. This not only improves 
device performance, but also allows tighter manufacturing 
tolerances on transistor gains and resistor values. These 
tighter tolerances were exploited in the design of F100K 
300 Series to meet the same-speed, half-power targets for 
the product line. The field oxide in FAST-LSI is doped (vs. 
undoped in FAST-Z). This lowers current leakage even fur- 
ther while still maintaining the walled emitter structures fea- 
tured in FAST-Z. . 


The metal structure of FAST-LSI is also improved. Platinum- 
silicide is used to provide ohmic contacts to N+ and P+ 
regions, as well as Schottky diode contacts to N— regions. 
The Schottky diodes are used in the design of the high-per- 
formance TTL output stages in the 300 Series ECL-TTL lev- 
el translators. A titanium-tungsten layer is utilized as a diffu- 
sion barrier against aluminum migration into the underlying 
silicon. Finally, both first and second layer metal use a cop- 
per-doped aluminum metalization which enhances reliability 
by providing a high resistance to electromigration. 


Compensation Network 


The heart of F100K is fully compensated ECL.’ The basic 
gate consists of three blocks—the current switch, the output 
emitter-followers, and the reference or bias network (Figure 
7-3). The current switch allows both conjunctive and dis- 
junctive logic. The output emitter-followers provide high 
drive capability through impedance transformation and al- 
lows for increased logic swing. The bias network sets DC 
thresholds and current-source bias voltages. Temperature 
compensation at the gate output is achieved by incorporat- 
ing a cross-connect branch between the complementary 


Voca 


CURRENT 
SWITCH 


collector nodes of the current switch and driving the current 
source with a temperature insensitive bias network2 
(Figure 1-4). 


Vec 


TL/F/9908-8 
FIGURE 1-4. Temperature Compensation 


As junction temperature increases and the forward base- 
emitter voltage of the output emitter-follower decreases, the 
collector node of the current switch must become more 
negative. Since the current-source bias voltage, Vcs, is in- 
dependent of temperature, the switch curent increases with 
temperature due to the temperature dependence of Vgec. 
The combination of temperature controlled current, Ile, and 
the cross-connect branch current, lx, forces the proper tem- 
perature coefficient at the collector node of the current 
switch to null out the VgEo tracking coefficient.3 


The schematic for the reference network displays a Vee1 
amplifier in the bottom left corner (Figure 1-5). Two base- 
emitter junctions are operated at different current densities, 
J1 and J2. The resulting voltage difference, Vge, minus 
Vee2, appears across R1 and is amplified by the ratio R2/ 
R1. Note that R2 is used twice, once to generate Vcs and 
once to generate Vpp. The different current densities, J1 
and J2, result in a positive temperature tracking coefficient 
across R2, which cancels the negative diode-tracking coeffi- 
cient of Vge3 and Vgeq. The Vcs and the Vgp thus generat- 
ed are temperature insensitive at the extrapolated bandgap 
voltage of silicon’, 2 (approximately 1300 mV).4 R, in the 
Vee amplifier compensates for process variations of 8 and 
AVpe.° Voltage regulation is achieved through a shunt regu- 
lator shown at the right side of the schematic. 


REFERENCE 


NETWORK 
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FIGURE 1-3. ECL Gate 
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TL/F/9908-9 
FIGURE 1-5. Reference Network 


Characteristics 


F100K compatibility with existing ECL logic families and 
memories permit direct interface with slower logic families 
and ensures immediate memory availability. The typical log- 
ic swing is 800 mV (Figure 1-6) and all voltage levels are 
specified with a 509 load to —2V at all outputs to provide 
transmission fine drive capability. However, the inherently 
low output impedance (Figure 71-7) and maximum specified 
output current, 50 mA, make 252 drive possible at any or all 
outputs. Alternately, of course, higher termination imped- 
ances or other termination schemes are also useful. 


CORNER 
POINT Vonc 
(- 1035 mV) 


CORNER 
POINT Voic 


Yi (- 1810 mv) 


POINT Vouc 


CORNER 
POINT Voic 
Vot (max) 
(- 1620 mV) 


Vout — OUTPUT VOLTAGE — V 


Vir (min) Vic (max) = Vin (min) Vin (max) 
(— 1810 mV) (—1475 mV) (- 1165 mV) (-— 880 mV) 


Vin — INPUT VOLTAGE — V 
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FIGURE 1-6. Transfer Characteristics 


loyt — OUTPUT CURRENT — mA 


0 “1.7 -14 -11 -0.8 -05 -02 
Vout — OUTPUT VOLTAGE — V 
TL/F/9908-11 
FIGURE 1-7. Output Characteristics vs 
Output Terminations 
F100K exhibits relatively constant output levels and thresh- 
olds over the 0°C to +85°C specified temperature range 
and —4.2V to —4.8V specified voltage range (Figure 7-8). 
Vee power supply current is also constant over the specified 
voltage range (Figure 1-9); therefore: 


Fully Compensated ECL (over V_e¢ range) 


OLTAGE — V 


Vour — OUTPUT VO 





—2.0 -18 -16 -14 -12 -10 -08 -06 
Vin — INPUT VOLTAGE — V 
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Uncompensated ECL (over Veg range) 


Vout — OUTPUT VOLTAGE — V 


-1.8 -16 -14 -1.2 -10 -08 -06 
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FIGURE 1-8. Transfer Characteristics 


Uncompensated ECL (over temperature) 


(== 
RN! 
aren it 

NN 


jaa 


-20 -18 -16 -1.4 -12 -10 -0.8 


> 
| 
Ww 
a 
&- 
a 
o 
> 
- 
2 
a. 
= 
> 
(°} 
! 
~ 
> 
° 
> 


Vin — INPUT VOLTAGE — V 


TL/F/9908-13 
Fully Compensated ECL (over temperature) 
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FIGURE 1-8. Transfer Characteristics (Continued) 


¢ Propagation delay is relatively constant versus power 
supply voltage variations thus tightening the AC window. 
¢ Power dissipation is a linear function of the supply volt- 
age, reducing worst-case power consumption. 
The typical propagation delay of an SS] gate function driving 
a 502 transmission line is 0.75 ns, including package, with a 
power dissipation of 40 mW resulting in a speed-power 
product of 30 pJ. For optimized MSI functions, the internal 
gates can dissipate < 10 mW with average propagation de- 
lay of < 0.5 ns, giving a power-speed product of < 5 pJ. 
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lege — POWER SUPPLY CURRENT — mA 


-7 -6 -5§ —4 -3 ~-2 
Vee — POWER SUPPLY VOLTAGE — V 
TL/F/9908-16 
FIGURE 1-9. Change in leg vs Change in Veg 


F100K has a tighter AC window over the wide range of envi- 
ronmental conditions; thus, the system timing requirements 
are eased and maximum system clock rates are increased. 
At the sacrifice of AC performance, the small-signal! input 
impedance was conservatively designed to be positive-real 
over the frequency range encountered by any circuit input. 
This provides adequate damping to insure AC stability within 
the system. 


F100K 300 Series 
Design Philosophy 


F100K 300 Series was designed to improve several per- 
formance parameters while still maintaining the speed and 
functionality requirements of the original F100K family. 
These new improvements enable 300 Series to be used in 
an even broader range of applications. 


Most importantly, 300 Series products all meet F100K’s op- 
timized speeds and edge rates, while consulting up to 50% 
less power. These lower power designs, combined with the 
manufacturability of the FAST-LSI process (see Process 
Technology), enabled the 300 Series line to be reliably 
packaged in plastic leaded chip carrier (PCC) packages. A 
graph is shown comparing the power consumption of the 
F100124 and F100324 vs. supply voltage (Figure 7-70). In 
addition, 300 Series is designed with a more stable voltage 
reference network, providing a single set of DC specifica- 
tions across a wider supply voltage range (—4.2V to 
—5.7V), easing the design of 300 Series into systems which 
use —5.2V power supplies. Also, 300 Series products have 
been designed to comply with all MIL-STD-883C require- 
ments, including operation over the full military temperature 
range of ~55°C to + 125°C. Finally, electrostatic discharge 
(ESD) protection diodes have been added to both input and 
output circuitry, guaranteeing a minimum of 2000V ESD pro- 
tection for all 300 Series products. 
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Several new circuits were utilized to achieve the perform- 

ance improvements. The stabilized DC characteristics BER eae eee 
across the —4.2V to —5.7V power supply range are 

achieved through use of an improved reference network 

(Figure 1-11). This network replaces a resistor with a PNP 

transistor (Q3). The collector-emitter voltage of Q3 varies 

with Vcc; allowing the voltage at the base of Qg to remain 

constant as Voc varies. This, in turn, stabilizes both Veg 

and Vcg, so that as Veg varies from —4.2V to —5.7V, Veg 

varies no more than 15 mV-20 mV. (Variation of Veg in 

F100K 100 Series products over this same voltage range 

can be as much as 70 mV-80 mV). The improved stability 

of 300 Series vs. Vcc is reflected in the single set of DC 1/0 

specifications guaranteed across this wider voltage range. 

These specifications are identical to the F100K 100 Series 

specifications listed at —4.5V. As shown in Figure 1-12, TL/F/9908-17 
they increase minimum noise margins guaranteed by 300 FIGURE 1-10. 300 Series Power Reduction 
Series to 140 mV. 
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100 Series Logic VNH = Vou Min — Vin Min 300 Series Logic 
Vu = 115 mv Vt = Vit Max — VoL Max VnH = 140 mv 


Vn_ = 115 mV Vat = 145 mV 
Vee = —4.2V to —4.8V Vee = —4.2V to —5.7V 


FIGURE 1-12. 300 Series Noise Margins 





All 300 Series products are designed to operate over the full 
military temperature range. To achieve this, internal voltage 
swings were increased to guardband against transistor satu- 
ration at temperature extremes. The faster transistor 
speeds offered by the FAST-LSI process compensated for 
the increased delays introduced by the wider voltage 
swings. Some of the more complex products utilize multi- 
level series gating to achieve higher levels of logic complex- 
ity at while reducing gate delays and power consumption. 
These products employ a Widlar Current Sink (Figure 1-13) 
to compensate for Vee shifts at —55°C. In this circuit, the 
emitter resistor is removed from the current source (Q}), 
providing more voltage headroom at lower temperatures, 
and avoiding saturation of the current source at —55°C. A 
second transistor (Qo), driven by a voltage biased at Vcg + 
Vee, provides Vcs at its emitter to drive the current source. 
This minimizes power by reducing the loading on the refer- 
ence generator. A temperature-compensated current mirror 
(Q3) is employed to control the base voltage of the current 
source so that it doesn’t move regardless of Veg or temper- 
ature changes. 


Electrostatic discharge (ESD) protection diodes were added 
to all 300 Series designs (Figure 1-14) specifically in the 
circuit paths that were most prone to ESD damage on 
F100K 100 Series products: input-to-Vcc, input-to-Ve¢e, and 
output-to-Vcc. These diodes (Dj, Da, and D3) are utilized to 
shunt the current caused by an ESD voltage pulse away 
from either the input or output circuitry. Depending on the 
polarity of the ESD voltage, the diodes either become for- 
ward-biased, directing the current into the supply, or go into 
reverse breakdown, directing the current into the substrate. 
Either way, the ESD-caused current is shunted away from 
the input and output transistors, avoiding damage to the 
circuitry. The diodes are designed to be rugged enough to 
guarantee 2000V of ESD protection on all 300 Series prod- 
ucts (they typically withstand up to 4000V). Even in provid- 
ing this protection level, these diodes have a negligible im- 
pact on input capacitance. Addition of these diodes typically 
adds only tenths of picofarads to each product's input ca- 
pacitance. 
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FIGURE 1-13. 300 Series Widlar Current Sink 
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System Aspects 


F100K provides high-density digital functions that outper- 
form all other families on the market today. How does this 
increased circuit performance and higher on-chip density 
improve system performance? 


Propagation delay and transition times vary (AC windows) 
when functions are operated at the extremes of the speci- 
fied environmental ranges. With F100K, these variations are 
reduced and more predictable system timing is achieved. 
For synchronous machines and very high speed asynchro- 
nous systems, timing and its predictability are of utmost im- 
portance. Due to F100K constant supply current versus 
power supply voltage and because of nearly constant levels 
and thresholds with respect to temperature, voltage varia- 
tions and gradients, speed skews are minimized. 


Not only timing but also maximum system clock rate is 
affected by the tighter AC window. Thus, with F100K the 
system designer can use a higher speed value in his worst- 
case calculations. This can be translated into higher possi- 
ble system clock rates. Therefore, a machine can perform at 
up to twice the frequency, solely due to the F100K compen- 
sation features. Noise immunity will be of utmost importance 
in next generation computers, since much of the noise gen- 
erated within the system is inversely proportional to the 
switching transition time of the circuits. The F100K tran- 
sition time is typically 0.7 ns as compared to 2.0 ns in slower 
ECL families and should therefore increase system cross- 
talk by the same ratio. 


F100K combats the increased system noise by maintaining 
a virtually invariant noise immunity with variations and gradi- 
ents in power supply voltage, ambient and junction tempera- 
tures. The variation in junction temperatures is much larger 
than in earlier computer systems because of the mixture of 
LS! and SSI functions on the same boards. 


Features 


F100K ECL logic components are designed to be used in 
high-speed, low-noise systems and offer significant advan- 
tages over other logic families. Some of the important fea- 
tures and advantages are summarized below. 


Low Propagation Delay 


F100K ECL features gate delays that are typically 0.75 ns 
(750 picoseconds) with counters, registers and flip-flops op- 
erating in the 400-500 MHz range. When compared to oth- 
er logic families such as Schottky TTL or slower ECL fami- 
lies, system performance can be doubled or tripled. Tighter 
AC distribution helps system timing requirements and in- 
creases system clock rates. 


Moderate Edge Rates 


Because of the nature of current mode switching which 
uses differential comparison techniques and avoids transis- 
tor storage delays, rise times can be controlled by internal 
time constants without sacrificing throughout delays. Slower 
rise times minimize ringing and reflections on interconnec- 
tion wiring and simplify physical design. The typical edge 
rate for F100K ECL is 1V/ns, only about 80% of the edge 
rate of Schottky TTL. It can be shown that for ECL circuits, 
the natural rise and fall times are approximately equal to the 
propagation delay. This relationship is considered optimum 
for use in high-speed systems. 
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Wired-OR Capability 


ECL outputs can be wired together where wiring rules per- 
mit, to form the positive logic-OR function, thus achieving an 
extra level of gating at no parts count expense. Data buss- 
ing and party line operations are facilitated by this features. 


Complementary Outputs 


A majority of F100K ECL logic elements have complemen- 
tary outputs, providing numerous opportunities for reduction 
of package count and power consumption when mechaniz- 
ing logic equations. Further, the system incurs no extra pen- 
alty in time delay since the complementary ECL outputs 
switch simultaneously. 


A significant advantage to complementary outputs is that, 
since both the true and complement logic functions are 
available, Icc imbalance can be minimized either by using 
both outputs in the design or merely terminating unused out- 
puts. In this way, the constant current characteristic of ECL 
is not compromised and power supply noise is minimized. 


Low Output Impedance, High Current Capacity 


As operating speeds are increased to achieve the higher 
performance levels demanded of digital systems, ordinary 
wiring begins to exhibit distributed parameter characteris- 
tics, as opposed to a lumped capacitance nature at low 
speeds. 


Characteristic impedances of normal wiring and printed cir- 
cuit interconnections generally fall in the 50 to 2500 
range. With these low impedance lines and fast transitions, 
the signals are attenuated by the voltage divider action be- 
tween the circuit output impedance and the characteristic 
impedance of the interconnection. 


Voltage mode circuits have a HIGH state output impedance 
of from 50 to 1509 and thus exhibit an output sfepped 
characteristic, first reaching about 50% of final value and 
later reaching the final value in another step. F100K ECL 
output impedances under 102 insure a complete, full val- 
ued, signal into a transmission line. Also, F100K ECL out- 
puts are specified to drive a 500 load (some devices are 
specified to drive a 252 load). Outputs are capable of sup- 
ply 50 mA or more and can thus support the quiescent cur- 
rent required for passive terminations. 


Convenient Data Transmission 


The complementary high-current outputs of F100K ECL ele- 
ments are well suited for driving twisted pair or other bal- 
anced lines in a differential mode, thereby enhancing field 
cancellation and minimizing crosstalk between subsystems. 


High Common-Mode Noise Rejection 


Differential line receivers provide common-mode noise re- 
jection of 1V or more for induced and ground noise. Differ- 
ential receiving requires less signal swing than single ended 
and thus allows more reliable interpretation of low signal 
swings. 

Constant Supply Current 


The supply current drain of F100K ECL elements is gov- 
erned by one or more internal constant current sources sup- 
plying operating current for differential switches and level 
shifting networks. Since the current drain is the same re- 
gardless of the state of the switches, F100K ECL circuits 
present constant currents loads to power supplies (see 
Complementary Outputs). 





Low Power Loss in Stray Capacitance 


Energy is consumed each time a capacitor is charged or 
discharged so the energy loss rate, or power, goes up with 
switching frequency. Since the energy stored in a capacitor 
is proportional to the square of the voltage and F100K ECL 
signal swings are four to five times less than those of TTL, 
power loss in stray capacitance may be an order of magni- 
tude less than that of TTL. 


Low Noise Generation 


In ECL systems, power supply lines are not subjected to the 
large current spikes common with TTL designs. Inherently, 
ECL is a constant current family without the totem-pole 
structures found in TTL circuits which generate the large 
current spikes. Since ECL voltage swings are much smaller 
than TTL, the current spikes caused by charging and dis- 
charging stray capacitances are much smaller with ECL 
than with TTL of comparable edge rates. 


Low Crosstalk 


Induced noise signals are proportional to signal swings and 
edge rates. The lower swing and slower edge rate of F100K 
ECL results in low levels of crosstalk. 


System Benefits 


The National Fi00K ECL Family offers improvements over 
other ECL families such as voltage and temperature com- 
pensation, higher integration levels, improved packaging, 
planned pinouts, lower propagation delay and more comple- 
mentary outputs. These improvements offer measurable ad- 
vantages to the design(er) of high-performance systems. 


Easier Engineering 


Designers have increased confidence that designs realized 
in F100K will operate with good margins over voltage and 
temperature variations in prototypes, production models 
and field installations. Less effort need be expended doing 
detailed voltage and temperature calculations and testing. 
With noncompensated ECL, noise margins cannot be guar- 
anteed unless both the receiving and transmitting circuit op- 
erate at the same temperature and Veg. This can cause a 
problem when attempting to transfer a breadboard or proto- 
type system to production. 


Since output swings and input thresholds remain almost 
constant over temperature and Veg variations, complex 
control systems for power supply levels and more-than-ad- 
quate cooling are not necessary with F100K. This results in 
a more economical and better operating system. 


Circult Design 


F100K ECL benefits from sound, well-engineered circuit de- 
signs. All input pins exhibit positive/rea/ input impedance to 
eliminate system oscillations. Input buffering is used to re- 
duce loads on lines which drive multiple internal gates. 


High Performance 


The regulation and control of DC and AC parameters 
achieved by F1i00K ECL assures that signal timing and 
propagation delays in critical paths are relatively insensitive 
to changes or gradients of temperature and supply voltage. 
Guardbands can be narrower, yet provide a higher degree 
of confidence due to the elimination of skew between output 
levels at one location and input threshold at another. 


The consistency of response and security of noise margins 
permit operation at higher clock rates and thus increase 
system performance. 


Easier Debugging 


With F100K, debugging of systems can proceed more rapid- 
ly than with uncompensated ECL. When a cabinet or enclo- 
sure is opened for access in debugging, the resultant 
change in thermal conditions has almost no effect on 
F100K signal swings, propagation delays, edge rates or 
noise margins. 


Flexibility 


F100K is designed to operate at —4.5V for reduced power 
dissipation. If compatibility with other ECL families is a re- 
quirement, F100K 300 Series guarantees specifications be- 
tween —4.2V and —5.7V due to its improved voltage com- 
pensation features. 


Fan-In/Fan-Out 


All F100K ECL outputs are specified to drive 5029 transmis- 
sion lines; this makes them suitable for driving very-high fan- 
out loads. In addition, some F100K outputs are specified to 
drive 252 lines, which would be the case if a 502 party-line 
bus terminated at both ends were being driven. 


System Design 


F100K ECL was designed to be the ultimate standard pack- 
aged IC logic family. System design constraints were con- 
sidered and the F100K family was designed for overall ease 
of system design and use while making the maximum use of 
the very fast propagation delay available. 


Packaging 

The initial package selected for the F100K family was a 24- 
pin Flatpak, 0.375 inches square, with leads on 50-mil cen- 
ters, 6 leads per side. This package was chosen because its 
electrical characteristics minimized performance degrada- 
tions of the circuit and its small footprint optimized board 
packing density. For customers who desire to use conven- 
tional through-hole assembly technology, the 24-pin ceram- 
ic dual in-line package is available as well. By utilizing the 
available F100K packages, and high chip complexities with- 
in the family, the user can achieve system densities two to 
three times higher than that possible with other ECL logic 
families. 


In addition to the ceramic DIP and ceramic flatpak pack- 
ages, all 300 Series products also offer a 28-pin plastic 
leaded chip carrier (PCC) package for low cost, high density 
surface mount assembly. This package is approximately 
0.490 inches square, with J-bend leads on 50-mil centers, 7 
leads per side. The leadframe has been designed with extra 
thermal paths which provide approximately 45°C/Wt in air 
flow of 500 linear feet per minute. 


For information on thermal resistance please see section on 
Power Distribution and Thermal considerations. 


Using F100K ECL 300 Series in Mili- 
tary Applications 


With the introduction of National’s F100K ECL 300 Series 
comes the advent of F100K ECL in military applications. 
The special concerns addressed in the 300 Series design 
criteria enables this family to specify operation over the tem- 
perature range of —55°C to +125°C, and to comply fully 
with the requirements of MIL-STD-883 Revision C. 
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Family Overview 


As in the commercial world, with military systems becoming 
more complex, speed becomes a major consideration. 
Speeds which are pushing Schottky and CMOS technolo- 
gies to their maximum performance limits, forcing designers 
to look to faster logic technologies. But speed, of course, is 
not the only consideration military designers have to con- 
tend with. Power consumption, package/function size, 
price, ESD susceptibility, radiation tolerance and operation 
in any of a number of harsh environments must be ad- 
dressed by a military system designer, and all have been 
addressed in the design of the F100K 300 Series Family. 


The relatively high speed-to-power product of the F100K 
ECL 300 Series Family allows these products to be used in 
a wide variety of applications. As systems begin to strain 
under the 30 MHz-40 MHz limits of some of the more con- 
ventional logic families, the 300 Series with its data rates 
exceeding 100 MHz, becomes a viable solution. The re- 
duced power operation offered by the 300 Series product 
line eliminates the last barriers inhibiting the extensive us- 
age of ECL in battery powered systems. Mixing F100K ECL 
300 Series products with other logic families is also made 
easier with a variety of level translators and a wide operat- 
ing voltage range of —4.2V to —5.7V. 


The lower power and improved ESD protection will also en- 
hance the overall reliability of these products. The lower 
power operation will by drawing less current, decrease the 
package temperature and increase the life expectancy of 
these products. The 2000V ESD protection helps eliminate 
the problem of ‘‘walking wounded” devices. Those devices 
which may be weakened by improper handling but not to a 
point where the damage could be detected. These ‘walking 
wounded” devices may eventually drift or even fail during 
operation, causing in some circumstances, a system failure. 
The high radiation tolerance of these products, a benefit 


inherent with the FAST-LSI process, enables these devices 
to withstand large doses of radiation such as those encoun- 
tered in space applications. 


The —4.2V to —5.7V Veg operating voltage range could be 
perhaps the most significant feature of this family. One set 
of AC and DC electrical specifications over this wide voltage 
supply range means that you will be able to mix 300 Series 
products with other logic families operating over a much 
narrower voltage supply range, without requiring separate 
power supplies. Special care though, should still be taken 
when mixing Fi00K ECL 300 Series products with other 
logic families. These considerations are addressed in more 
detail in the Fi00K ECL Design Guide. 


Among the many other benefits this family offers is full tem- 
perature compensation and high noise immunity. Both of 
these features are extremely important in the environments 
military systems are subjected to, or standards to which 
they must comply. The temperature compensation circuit of 
F100K ECL ensures stable DC performance over tempera- 
ture changes in the external environment, as well as tem- 
perature fluctuations within a system, or even on one circuit 
board. The high noise immunity provides clean operation 
and few system hiccups due to noise, even when operating 
in a noisy environment. 


Definitions of Symbols and Terms 


AC SWITCHING PARAMETERS 


fcount (Count Frequency/Toggle Frequency/Operat- 
ing Frequency): The maximum repetition rate at which 
clock pulses may be applied to sequential circuit. Above this 
frequency the device may cease to function. 


taa (Address Access Time): 50% points of address input 
pulse to data output pulse. 


tacs (Chip Select Access Time): 50% points of select 
pulse to data output pulse/leading edges. 


th (Hold Time): The interval immediately following the ac- 
tive transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which the data to be recognized must be main- 
tained at the input to ensure its continued recognition. 


tp_y (Propagation Delay Time): The time between the 
specified reference points on the input and output voltage 
waveforms with the output changing from the defined LOW 
level to the defined HIGH level. 


tppH_ (Propagation Delay Time): The time between the 
specified reference points on the input and output voltage 
waveforms with the output changing from the defined HIGH 
level to the defined LOW level. 


trcs (Chip Select Recovery Time): Data output pulse/ 
trailing edges. 

ts (Setup Time): The interval immediately preceding the 
active transition of the timing pulse (usually the clock pulse) 
or preceding the transition of the control input to its latching 
level, during which the data to be recognized must be main- 
tained at the input to ensure its recognition. 


ts (Release Time): The interval immediately preceding the 
active transition of the timing pulse (usually the clock pulse) 
or preceding the transition of the control input to its latching 
level, during which the master set or reset must be released 
(inactive) to ensure valid data is recognized. 


trLy (Transition Time, LOW to HIGH): The time between 
two specified reference points on a waveform which is 
changing from LOW to HIGH. 


trHE (Transition Time, HIGH to LOW): The time between 
two specified reference points on a waveform which is 
changing from HIGH to LOW. 


tow (Pulse Width): The time between 50 percent amplitude 
points on the leading and trailing edges of a pulse. 

tpyz (Output Disable Time of a TRI-STATE® Output 
from High Level): The time between the 1.5V level on the 
input and a voltage 0.3V below the steady state output 
HIGH level with the TRI-STATE output changing from the 
defined HIGH level to a high impedance (OFF) state. 


tp_z (Output Disable Time of a TRI-STATE Output from 
LOW Level): The time between the 1.5V level on the input 
and a voltage 0.3V above the steady state output LOW level 
with the TRI-STATE output changing from the defined LOW 
level to a high impedance (OFF) state. 


tpzy (Output Enable Time of a TRI-STATE Output to a 
HIGH Level): The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a HIGH 
level. 





tpz_ (Output Enable Time of a TRI-STATE Output to a 
LOW Level): The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a LOW lev- 
el. 


ts, g-q (Skew, Gate to Gate): also referred to as tost 
(Output Skew Time): the absolute value of the difference 
between the actual propagation delays for any two outputs 
of the same device. This applies to any combination of out- 
puts switching LOW to HIGH and/or HIGH to LOW. 


tost (Output Skew Time): the absolute value of the differ- 
ence between the actual propagation delays for any two 
outputs of the same device. This applies to any combination 
of outputs switching LOW to HIGH and/or HIGH to LOW. 


tw (Write Pulse Width): 50% points of write enable input 
pulse. 

twua (Address Hold Time): 50% points of address pulse 
to trailing edge of write enable pulse. 

twucs (Chip Select Hold Time): 50% points of trailing edg- 
es of chip select pulse to write enable pulse. 

twHp (Data Hold Time after Write): 50% points of trailing 
edges of data input pulse to write enable pulse. 

twr (Write Recovery Time): 50% points of trailing edges 
of write enable pulse to data output pulse. 

tws (Write Disable Time): 50% points of leading edges of 
write enable pulse to data output pulse. 

twsa (Address Setup Time): 50% points of address pulse 
to leading edge of write enable pulse. 


twscs (Chip Select Setup Time): 50% points of leading 
edges of chip select pulse to write enable pulse. 


twsp (Data Setup Time Prior to Write): 50% points of 


leading edges of data input pulse to write enable pulse. 


CURRENTS 


Positive current is defined as conventional current flow /nto 
a device lead. Negative current is defined as conventional 
curent flow out of a device lead. 


leg (Power Supply Current): The current required by each 
device from the Veg supply. This value represents only the 
internal current required by the specified device, and does 
not include the current required for loads or terminations. 


Itt (Supply Current): The current flowing into the Vit, 
supply terminal of a circuit with the specified input condi- 
tions and the outputs open. When not specified, input condi- 
tions are chosen to guarantee worst-case operation. 


ty (Input Current HIGH): The current flowing into a device 
lead with the specified Vj4 applied to the input. This value 
represents the worst case DC input load that a device pres- 
ents to a driving element. 


It (Input Current LOW): The current flowing into a device 
lead with the specified V), applied to the input. 


loy (Output HIGH Current): The current flowing out of the 
output when it is in the HIGH state. For a turned-off open- 
collector output with a specified HIGH output voltage ap- 
plied, the Igy is the leakage current. 

lot (Output LOW Current): The current flowing into an out- 
put when it is in the LOW state. 

log (Output Short Circuit Current): The current flowing out 
of a HIGH-state output when that output is short circuited to 
ground (or other specified potential). 


lozH (Output OFF Current HIGH): The current flowing into 
a disable TRI-STATE output with a specified HIGH output 
voltage applied. 


Ioz_ (Output OFF Current LOW): The current flowing out 
of a disabled TRI-STATE output with a specified LOW out- 
put voltage applied. 


VOLTAGES 


All voltage values are referenced to Vcc (or ground) which 
is the most positive potential in an ECL system. 


Vgp (Bias Voltage): The internally generated reference 
voltage which is used to set the input and output threshold 
levels. 


Vcc (Circuit Ground): This is the most positive potential in 
the ECL system and it is used as the reference level for 
other voltages. 


Vcca (Separate Circuit Ground): The circuit ground for the 
buffered current switch. Outside the package, the Vcc and 
Voca leads should be connected to the common Vcc distri- 
bution. Internally, the separation of Vcc and Vcc, insures 
that any change in load currents during switching does not 
cause a change in Vcc through the small but finite induc- 
tance of the Voc, bond wire and package lead. 


Vcs (Current Source Voltage): The internally generated 
potential used to control the level of the active current 
source. 


Veg (Power Supply Voltage): This potential is the system 
power supply voltage and it is the most negative potential in 
the system. 


Vees (Substrate Veg): These pins (on the PCC package 
only) provide extra thermal conduction paths, therefore re- 
ducing 84. These pins must be connected to the Veg plane 
or not connected at all. 


VrtL_ Supply Voltage: The range of the TTL power supply 
voitage over which the device is guaranteed to operate with- 
in the specified limits. 

Vin (Input Voltage HIGH): The range of input voltages that 
represents a logic HIGH level in the system. 

ViH (Max): The most positive Viy. 


ViH (Min): The most negative Vj. This value represents the 
guaranteed input HIGH threshold for the device. 


Vit (Input Voltage LOW): The range of input voltages that 
represents a logic LOW level in the system. 


ViL (Max): The most positive Vj_. This value represents the 
guaranteed input LOW threshold for the device. 

ViL (Min): The most negative Vj,. 

Von (Output Voltage HIGH): The range of voltages at an 
output terminal with the specified output loading and with 
the inputs conditioned to establish a HIGH level at the out- 
put. 

VoH (Max): The most positive Voy under the specified input 
and loading conditions. 

VoH (Min): The most negative Voy under the specified input 
and loading conditions. 

Vouc: The output HIGH corner point or guaranteed HIGH 
threshold voltage with the inputs set to their respective 
threshold levels. 
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Family Overview 


Vor (Output Voltage LOW): The range of voltages at an 
output terminal with the specified output loading and with 
the inputs conditioned to establish a LOW level at the out- 
put. 


VoL (Max): The most positive Vo, under the specified input 
and loading conditions. 


VoL (min): The most negative Vo. under the specified input 
and loading conditions. 


Votc: The output LOW corner point or guaranteed LOW 
threshold voltage with the inputs set to their respective 
threshold levels. 


Vuu (HIGH Level Noise Margin): Noise margin between 
the output HIGH level of a driving circuit and the input HIGH 
threshold level of its driven load. A conservative value for 
Vnu is the difference between Voyc and Viy (Min): 

Vn (LOW Level Noise Margin): Noise margin between the 
output LOW level of a driving circuit and the input LOW 
threshold level of its driven load. A conservative value for 
Vn is the difference between Vi_ (max) and Voc. 
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F 100301 
Low Power Triple 5-Input OR/NOR Gate 


General Description Features 
The F100301 is a monolithic triple 5-input OR/NOR gate. All ™ 23% power reduction of the F100101 
inputs have 50 kQ pull-down resistors and all outputs are mm 2000V ESD protection 
buffered. @ Pin/function compatible with F100101 
m Voltage compensated operating 
range = —4.2V to —5.7V 


Ordering Code: see Section 8 


Logic Symbol 


Dia 


Dna: Dnb, Onc Data Inputs 
Oa, Ob: Oc Data Outputs 
Og; Op, Oc Complementary Data Outputs 


TL/F/10579-1 


Connection Diagrams 


24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature (Tstq) -—-65°C to + 150°C 


Maximum Junction Temperature (T) 
Ceramic 
Plastic 


Vee Pin Potential to 
Ground Pin 


Input Voltage (DC) 
Output Current (DC Output HIGH) 
ESD (Note 2) 


+176°C 
+ 150°C 


—7.0V to +0.5V 
Vee to’ +0.5V 
—50 mA 

= 2000V 


Commercial Version 
DC Electrical Characteristics 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 
Military 

Supply Voltage (Vee) 
Commercial 
Military 


0°C to +85°C 
— 55°C to + 125°C 


—5.7V to —4.2V 
—5.7V to —4.2V 


VeE = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


symbol | __Parameter_— | win | Typ | Max _| Units | 
Vou | OutputHiGHVoltage_| -1025 | 965 | 870 | mv _| Viv = Vinten OF Vivir 


—1705 


VoL Output LOW Voltage — 1830 


Conditions 


Loading with 
502 to —2.0V 


Vonc | OutputHiGHVoltage | -1095 | | mv | Vin = Vinatiry or Vi(maxy | Loading with 
Voc | Outputrowvottage | | | 1610 ied eae 


Vin Input HIGH Voltage — 1165 Bes 


Guaranteed HIGH Signal for All Inputs 


ViL Input LOW Voltage — 1830 oe —1475 Guaranteed LOW Signal for All Inputs 
n input Low current | oso | | | A Vin = Vinewin 


MH | inputHigH Current [|| 20 | A | Vin = Vinintax 
iec___| PowerSupplyGurrent | _-29 | -17 | -168 | mA_| Inputs Open 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter 


To= +256 | To = +850 


Conditions 


Propagation Delay Figures 1 and 2 
Data to Output 0.50 1.10 0.50 1.15 0.50 1.20 (Note 1) 


Transition Time 





20% to 80%, 80% to 20% 0.40 1.20 0.40 1.20 0.40 1.20 ns | Figures 1 and 2 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 





Commercial Version (Continued) 
PCC and Cerpak AC Electrical Characteristics 


Veg = —4.2V to —5.7V, Vcc = Veca = GND 


aisialeh Te = +85°C nee ehuteiee 


Propagation Delay Figures 7 and 2 
Data to Output (Note 2) 
Transition Time . 

20% to 80%, 80% to 20% 0.40 1.10 0.40 1.10 0.40 1.10 “re Figures 1 and 2 


stow,GatotoGate | tan] am | TaD | ps_| POCOnly (Note) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
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Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


|_Parameter_— | Min | Max | units| Tc | Conditions 


Vin = Viren) | Loading with 
OutputLOW Voltage | —1630 | —1620| mv | orcto+ias0 | oViL(Min) | 50010 ~2.0V 
| -1800| -1555| mv | sec | 
Output HIGH Voltage }—10395| | mv | orcto +126C | 
p= toes | | mv | 85° | Vin = Vingwiny | Loading with 
Owmaowvotice | __f tei) ay roe Hire i dae) 
|| 1555] mv | -s50 | 


Input HIGH Voltage ~1165 | —870 mV | —55°Cto + 125°C Guaranteed HIGH Signal 
for All Inputs 

Input LOW Voltage 1830 | -1475 | mv | —55°Cto +125°C Guaranteed LOW Signal 
for All Inputs 

Input LOW Current cn ae EY sec to +1260 | VEE T ~42V 
Vin = Vit(in) 


Input HIGH Current 0O°C to + 125°C Vee = —5.7V 
ee 
Power Supply Current |} -32 | -12 | ma | — 55°C to + 125°C | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL- 
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Military Version—Preliminary (Continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND 


euance To = +125°C toa 2186 lynne eonaiions 


Propagation Delay 
Data to Output gs 
us Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% 0.30 1.20 0.30 1.20 0.30 1.20 Foe | 


Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


Hen tee es +125" Hie= 225 | ute eoanicie 


Propagation Delay 
ar ee re ae 
Figures 1 and 2 
setamam| > oe [esos [ow ve [w 
20% to 80%, 80% to 20% 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals — 55°C), then testing 
immediately after power-up. This provides ‘‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup Ag. 


Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
All, 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 





Test Circuitry 


LO€OOL 


PULSE 
GENERATOR 


Notes: 

Voc: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 50 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 4F from GND to Voc and Veg TL/F/10579-5 
All unused outputs are loaded with 502 to GND 

C, = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 


Switching Waveforms 


0.72 0.1 ns =F 0.720.1ns 
+1.05V 
80% 


INPUT 50% 


20% 
tp; teLH 
true | t i P 


50% 


+0.31V 


OUTPUT | 


COMPLEMENT 


re k= {THe 


FIGURE 2. Propagation Delay and Transition Times 


TL/F/10579-6 
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National 
Semiconductor 


F100302 
Low Power Quint 2-Input OR/NOR Gate 


General Description Features 

The F100302 is a monolithic quint 2-input OR/NOR gate ™ 43% power reduction of the F100102 
with common enable. All inputs have 50 kQ pull-down resis- m 2000V ESD protection 

tors and all outputs are buffered. @ Pin/function compatible with F100102 


@ Voltage compensated operating range = 
—4,2V to —5.7V 


Ordering Code: see Sections 


Logic Symbol | PinNames | ___—Description | 


Dia Data Inputs 

oe Enable Input 

Dib = Data Outputs 

om Complementary Data Outputs 
Dic 
Dec 


Did 
Dea 


Die 
De 


TL/F/10580-1 


pe | ox | 
L L 
H H 
L H 
H H 
L H 
H H 
L H 
H H 


coeeeenale 


H = HIGH Voltage Level 
L = LOW Voltage Level 


Connection Diagrams 
24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 
Doe Dig E Vee D2, Dyp 


24 23 22 21 20 19 


7 8 9 10 11 12 


oO On mo Fr Wwe Pe = 





(9) 2d (23 22 BS 24) 25) 


DygDog D4 @VeEs O29 % Oy Og 4 VocVoca 0 2% 


= = 
- Oo 


TL/F/10580-4 TL/F/10580-3 


—_ 
i) 


TL/F/10580-2 





Absolute Maximum Ratings 


Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 


Recommended Operating 


Conditions 
Case Temperature (Tc) 


Z0€00! 


please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tsta) —65°C to + 150°C 
Maximum Junction Temperature (Ty) 
Ceramic +175°C 
Plastic + 150°C 


Vee Pin Potential to 
Ground Pin 


Input Voltage (DC) 
Output Current (DC Output HIGH) 
ESD (Note 2) 


Commercial 
Military 

Supply Voltage (Veg) 
Commercial 
Military 


O°C to + 85°C 
—55°C to + 125°C 


—§.7V to —4.2V 
—5.7V to —4.2V 


—7.0V to +0.5V 
Veg to +0.5V 
—50 mA 
>2000V 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol | Parameter | min | typ | Max _| units | 

You Loading with 

Vou eae: 

Vou -Saantcrvotee { —oss |__f___|_a_) vn= Yee Yat Loading with 
502 to —2.0V 


Conditions 


Voro | OutputLowvortage | | | = 1610 | 


VIH Input HIGH Voltage | -1165 | =| -870 | mv | Guaranteed HIGH Signal for All Inputs 
VIL Input LOW Voltage | —1e390 | =| 1475 | mv | Guaranteed LOW Signal for All Inputs 
A inputLow Current | 050 | | | A_|_Vin = Viva 


img | Input Current | ||| | Vi = Vinita 
lse__| Power Supply Curren inputs Open 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 


immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


. = 1 = ry = + 6 
Parameter pie 8e Teo = +25°C Te 85°C cS 


Propagation Delay 
Data to Output 0.50 1.15 0.50 1.15 0.50 1.25 


Conditions 


Figures 1 and 2 
Propagation Delay (Note 1) 
: 1.90 14 9 ; 2.00 
Enable to Output seas is : ee 
Transition Time . 
20% to 80%, 80% to 20% 0.40 1.20 0.40 1.20 0.40 1.20 as | Figures 1 and 2 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
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Commercial Version (Continued) 


PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter ae aot se ioe yee T= HES untg Conditions 


Data to Output Figures 1 and 2 
Propagation Delay (Note 2) 
Enable to Output 1.10 1.80 1.10 1.80 1.20 1.90 

Transition Time 5 

20% to 80%, 80% to 20% 0.40 1.10 0.40 1.10 0.40 1.10 | ns | Figures 7 and 2 


Sew,GatotoGate | tap | tao | 80 | _ps_| POCOniy (Note) 


Note 1: Gate to gate skew Is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 


Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C (Note 3) 


| Parameter | Min | Max | units| tc || Conditions, 


Vin = Vit(Max) | Loading with 
Tee or ViL (Min) | 509. to —2.0V 
| -1890 | -1855| mv | sero | 
Output HIGH Voltage | -1035| ——|_mv_| -orcto +125 | 
}=1085 | | mv {| =88°C | Vin = Vinten | Loading with 
fepmscwere [wn oe | oc sere | or Vi (Min) | 509. to —2.0V 
| -1855| mv | so | 


Input HIGH Voltage —1165 | —870 mV —55°C to + 125°C | Guaranteed HIGH Signal 
for All Inputs 
Input LOW Voltage 1990 | —1475] mv —55°C to + 125°C | Guaranteed LOW Signal 
for All Inputs 
Input LOW Current A —55°C to + 125°C | Vee = —5.7V 
- Vin = Vin (Max) 


InputHIGH Current | | 240 | wa | 0°Cto +125°C | Veg = —4.2V 
Power Supply Current —55°C to + 125°C | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL. 
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Military Version—Preliminary (continued) 


ZOE001 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
Data to Output 1.70 

: 1,2,3,5 
Propagation Delay 
Enable to Output 2.80 Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% | O89 1:20 | 030 1.20 | 0.30 1.20 jos | 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay a 
Data to Output 


Propagation Delay : 

Enable to Output 0.60 2.40 0.80 2.10 0.80 2.60 Figures 1 and 2 
Transition Time 

20% to 80%, 80% to 20% 0.30 1.10 0.30 1.10 0.30 1.10 jas 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 





Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup A9, and at + 125°C and —55°C temperatures, Subgroups A10 and 
Alt. 


Note 4: Not tested at +25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
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Test Circuitry 


PULSE 
GENERATOR 


Notes: 

Voc, Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 509 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 wF from GND to Voc and Veg 
All unused outputs are loaded with 50 to GND 
C. = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 


Switching Waveforms 


0.70.1 ns 


OUTPUT 


COMPLEMENT 


ee Lind 


FIGURE 2. Propagation Delay and Transition Times 


TL/F/10580-5 


TL/F/10580-6 





National 
Semiconductor 


F100304 
Low Power Quint AND/NAND Gate 


General Description Features 

The F100304 is monolithic quint AND/NAND gate. The ™ Low Power Operation 

Function output is the wire-NOR of all five AND gate out- m™ 2000V ESD protection 

puts. All inputs have 50 kN pull-down resistors. m Pin/function compatible with F100104 


@ Voltage compensated operating range = —4.2V to 
—§.7V 


yOeool 


Ordering Code: see Sections 


Logic Symbol Logic Equation 


" F = (Dia ® Daa) + (Dtb * Dap) + Dic ® Dac) + (Dig * Dag) + (Die * Dae). 


Oa 
3,  |_PinNames | __—_—Description 
Op Data Inputs 
Op Function Output 
O¢ Data Outputs 
Oc Complementary Data Outputs 
Og 
Oa 
Oe 
O5 
TL/F/10581~1 


Connection Diagrams 


24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 


Dog 1g %nVers Om OF, Op Dog Dag Die Veg Day O14 
Howe 
24 23 22 21 20 19 





oan Doon et WP = 


LALA ALAA | 7 8 9 10 11 12 
fig] 2o (29 22 23] 24) Bj 


Dig De DQM EES% 0. 04 04 F Vec Voca 0. 0, 
TL/F/10581-4 


—_— 
- oO 


TL/F/10581-3 


dS 


TL/F/10581-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature (Tstg) —65°C to + 150°C 


Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 


Vee Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
ESD (Note 2) 


+175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to +0.5V 
—-50 mA 

2 2000V 


Commercial Version 


DC Electrical Characteristics 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 
Military 

Supply Voltage (Veg) 
Commercial 
Military 


0°C to + 85°C 
—55°C to + 125°C 


—5.7V to —4.2V 
—5.7V to —4.2V 


VEE = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter 


VoH Output HIGH Voltage — 1025 


| -955_| 


Conditions 


mV Vin = VIH (Max) Loading with 
Vou mV eee 


Vin Input HIGH Voltage - 
Input LOW Voltage 


Input LOW Current 


Input High Current 
D2a-D2e 
Dia-Die 


lEE Power Supply Current 





Loading with 
502 to —2.0V 


Vin = VIH(Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vin(Max) 


Inputs open 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter 


Propagation Delay 
Dna-Dne to O, re) 


Propagation Delay 
Data to F 


Transition Time 


Conditions 


Figures 1 and 2 


. .20 0. : 0.3 .20 
20% to 80%, 80% to 20% en he = a Z ie 





Commercial Version (continuea) 


vOE00l 


PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter Conditions 


Propagation Delay 
Dna-Dne to O, Oo 


.40 
Propagation Delay . 
Data to F 1.00 2.40 1.00 7 s x Figures Jand2 


Transition Time 
20% to 80%, 80% to 20% 0.35 1.10 0.35 1.15 0.35 1.10 


Skew, Gate to Gate TBD PCC Only (Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 


0 


Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


Output HIGH Voltage 


Vin = Vin (Max) | _ Loading with 


Output LOW Voltage | _yea5 mV 0°C to or Vit (Min) 50N0 to —2.0V 
+ 125°C 


| - 1830 | -1655 | mv | -s5c_| 


Output HIGH Voltage | _ 0°C to 


| =toe5 | | mv | 55°C _| Vin = Vin (Min) | Loading with 


Output LOW Voltage eo.) oe 0°C to or Vi, (Max) SOiom 2.0 
+ 125°C 


Input HIGH Voltage _ Pe —55°C Guaranteed HIGH Signal 
Input LOW Voltage = = —55°C to | Guaranteed LOW Signal 
Input LOW Current A —55°Cto | Vee = —4.2V 
E +125°C | Vin = Vit (Min) 
Input High Current 
Doa—-Dae 250 nA 0°C to 
Dya-Dig 350 + 125°C Vs aay 
Vin = Vin (Max) 
D2a~D2e A | —55°C 
Dia-Die i“ 
Power Supply Current = — 55°C to 


Note 1; F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups, 1, 2 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL- 
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Military Version—Preliminary (Continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter Tea no] tes saee c= C= 1 ce 


Propagation Delay 

Dna-Dne to O, O 

Rropagation. Daley 0.80 290 | 090 280 | 090 3.40 Figures 1 and 2 
Data to F 

Transition Time 

20% to 80%, 80% to 20% 0.20 1.80 0.30 1.60 0.20 2.00 js | 


Cerpak AC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = oo = GND 


Propagation Delay 
Dna- Dne to O, (e) 


eo foes oo eo | rome 
Transition ae 


Note 1: F100K 300 Series ear temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 
Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, +125°C, and —55°C temperature (design characterization data). 





Test Circuitry Switching Waveforms 


0.7+0.1 ns 


PULSE 
GENERATOR 


OUTPUT 


TL/F/10581-5 
COMPLEMENT 


Notes: 
Voc, Voca = +2V, Vee = —2.5V ii ie 


L1 and L2 = equal length 500 impedance lines 

Ry = 502 terminator internal to scope TL/F/10581-6 
Decoupling 0.1 F from GND to Vcc and Veg FIGURE 2. Propagation Delay and Transition Times 
All unused outputs are loaded with 509 to GND 

C_ = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 





National 
Semiconductor 


F100307 


Z0€001 


Low Power Quint Exclusive OR/NOR Gate 


General Description 


The F100307 is monolithic quint exclusive-OR/NOR gate. 
The Function output is the wire-OR of all five exclusive-OR 
outputs. All inputs have 50 kN pull-down resistors. 


Ordering Code: see Sections 


Logic Symbol 


TL/F/10582-1 


Connection Diagrams 


24-Pin DIP 


oon Dm oO PR WwW Hw 


=—_ = ee 
no =~ Oo 


TL/F/10582-2 





28-Pin PCC 


Dom Dyn On ees On Op O, 
HOABWwAS 
BBE ne 


a 
(5 9 Ge a 
D140} _ 0 29VEES Me Oy Oy 


Features 

m Low Power Operation 

m 2000V ESD protection 

@ Pin/function compatible with F100107 


m Voltage compensated operating range = 
—5.7V 


—4.2V to 


Logic Equation 


F = (Dig ® Dog) + (Dib © Dap) + (Dic © Dac) + (Dig © 
Dog) + (Dig © Dog). 


Data Inputs 
Function Output 
Data Outputs 
Complementary 
Data Outputs 


24-Pin Quad Cerpak 
Dag D2¢ D1¢ Vee Dap Dip 


24 23 22 21 20 19 


7 8 9 10 11 12 


Og F Voc Voc, ¢ O 
TL/F/10582-4 
TL/F/10582-3 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Military —55°C to +125°C 


Storage Temperature (TsTq) — 65°C to + 150°C Supply Voltage (Vee) 
Maximum Junction Temperature (Ty) Commercial —5.7V to —4.2V 


Ceramic +175°C Military —5.7V to —4.2V 
Plastic + 150°C 


Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Veg to + 0.5V 
Output Current (DC Output HIGH) —50mA 
ESD (Note 2) 2 2000V 


Case Temperature (Tc) 
Commercial 0°C to + 85°C 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


Symbol_| Parameter | Min | typ | Max | Units _| Conaitions 

Vou __| Output HIGH Voltage _| -1025 | 955 | -870 | mv | Viv=Vin(ay | Loading with 
Vou SSO ised 
Vonc __| OutputHiGH Voltage | -1035 | | | mV_ | Vin= Vinci Loading with 
Vorc | OutputtowVottage | | | = 1610 | mv | OF ViL ten iit ae 


Input LOW Voltage ~1830 Bod AN Rend 4475 ae eouilingies Signal 


| Input LOW Current —_| LOW Current | pA | Vin = Vit (Min 


Input HIGH Current 
D2a-D26 Vin = Vin (Max) 
Dia-Die 
lee Power Supply Current foggy bye Inputs Open 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 





Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V-to —5.7V, Voc = Voca = GND 


ee Bees 
Propagation Delay 
Doa—D2e to 0,0 0.5 1.90 0.55 1.80 0.55 9 
Propagation Delay 
fe) : : . 1.6 1. 
Dia-Dy_. to 0,0 0.55 1.70 | 0.55 0 | 0.55 70 


Propagation Delay 1.15 275 1.15 2.75 4.15 3.00 
Data to F 


Transition Time 
20% to 80%, 80% to 20% 0.35 1.20 0.35 1.20 0.35 1.20 Fons | 


Figures 1 and 2 
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Commercial Version (continued) 
PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to ~5.7V, Voc = Voca = GND 


Propagation Delay 
Dea~Dae to0,0 0.55 1.70 0.55 1.60 0.55 1.70 
Dia~Di to 0.0 Figures 1 and 2 
Propagation Delay 
Data to F 
Transition Time 
20% to 80%, 80% to 20% 


Skew, Gate to Gate SE anne ST Ee aaa PCC Only (Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 


Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


Output HIGH Voltage | _ _ ae os 


ee Viv =.Vin (Max) | Loading with 


Output LOW Voltage 0°C to or Vit (Min) 502 to —2.0V 
1830 | —1620 | mv | Pt 


Sea 


Output HIGH Voltage | _ 0°C a 


re ar oe Vin = Vi (Min) | Loading with 


Output LOW Voltage 0°C to or Vit (Max) 5020 to —2.0V 
=e +125°C 


Input HIGH Voltage = =2 ane Guaranteed HIGH Signal 
Input LOW Voltage _ = —55°C eC Guaranteed LOW Signal 
Input LOW Current A —55°Cto | Veg = —4.2V 

Ee +125°C | Vin = Viz (Min) 


Input High Current 
Doa-Doae pA o°Cc to 
Dia-Die 
Power Supply Current | 63 | =20 | ma | e pee to Inputs Open 


Note 1; F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 


Note 4: Guaranteed by applying specified input condition and testing VoH/VoL- 
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Military Version—Preliminary (Continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter Hes 2st Ls = +125 aie 


Propagation Delay 

es to O,~, fe) 

Dia-D1_. to 0,0 Figures tand2 
Propagation Delay 

Data to F 

Transition Time 

20% to 80%, 80% to 20% 0.35 1.20 0.35 1.20 0.35 1.20 js | 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND 


Propagation Delay 
Doa-Dog to 0, O 0.45 2.10 0.45 2.00 0.45 2.10 


Propagation Delay 
Dya-Die to 0,0 


Propagation Delay 

Data to F 

Transition Time 

20% to 80%, 80% to 20% | 995 1.10 0.35 1.10 aoa 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table |) on each mfg. lot at +25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 


Figures 1 and 2 





Test Circuitry Switching Waveforms 


0.7 +0.1 ns eee ns 
+ 1.05 V 


50% 
cd eee ae 


iF 


PULSE 50% 
GENERATOR 


OUTPUT tPLH tPHL 


80% 
50% 
COMPLEMENT 20% 
Voc, Voca = +2V, Vee = —2.5V 
L1 and L2 = equal length 500 impedance lines Sivas lee ie 
Ry = 502 terminator internal to scope 
Decoupling 0.1 »F from GND to Voc and Vee TL/F/10582-6 


All unused outputs are loaded with 509 to GND FIGURE 2. Propagation Delay and Transition Times 
C. = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 


Notes: TL/F/10582-5 
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National 
Semiconductor 


F100311 
Low Skew 1:9 Differential Cl 


General Description 


The F100311 contains nine low skew differential drivers, 
designed for generation of multiple, minimum skew differen- 
tial clocks from a single differential input (CLKIN, CLKIN). If 
a single-ended input is desired, the Vgg output pin may be 
used to drive the remaining input line. A HIGH on the enable 
pin (EN) will force a LOW on all of the CLK, outputs and a 
HIGH on all of the CLK, output pins. A LOW on EN will 
return control of the CLK,/CLK, outputs back to the 
CLKIN/CLKIN inputs. 


Logic Symbol 


os 


Connection Diagram 


28-Pin PCC 


CLK OKs CLK; Vocy Ciky Clg CLK 
1 fo) (2) (3) 7) (6 3) 
BEER a Eo 


TL/F/10648-1 


CLKs e) 
CLKs 
CLK, 
Veca [15] 
CLK, 
CLK; 
CLK; 


(FF 
G3} 2d Ey G2] 23) 2a BS 
CiKy CLK, CLK Vor, CUK; Cig CLK 


ADVANCE INFORMATION 


LLEOo! 


ock Driver 


The skew specifications on the F100311 are fully tested and 
guaranteed. 


Features 

a Low output to output skew (< 75 ps) 
m 2000V ESD protection 

m@ 1:9 low skew clock driver 

m Differential inputs and outputs 


| PinNames Description 


CLKIN, CLKIN Differential Clock Inputs 
EN Enable 
CLKp_g, CLKo_g Differential Clock Outputs 
VeB Vep Output 

No Connect 


Truth eae 


TL/F/10648-2 
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100313 


National 
Semiconductor 


F100313 
Low Power Quad Driver 


General Description 


The F100313 is a monolithic quad driver with two OR and 
two NOR outputs and common enable. The common input 
is buffered to minimize input loading. If the D inputs are not 
used the Enable can be used to drive sixteen 500. lines. All 
inputs have 50 kQ pull-down resistors and all outputs are 
buffered. 


Ordering Code: see Sections 
Logic Symbol 


TL/F/10249-3 


Connection Diagrams 


24-Pin DIP 


O10 O20 O1aVess O29 np O14 


fy fo (2) 2) 7) fe) &) 


De 
Dp 
Vee 
Vees 
E 
D, 
Dg 


own nonaerkiwnhn — 


=. 
n—- Oo 


TL/F/10249-1 


28-Pin PCC 





(3) Bo 2 22 3 4 es) 


O44 O24 M1 GV EES 92d O2¢ M16 


Features 

m 50% power reduction of the F100113 

@ 2000V ESD protection 

B@ Pin/function compatible with F100113 and F100112 


w Voltage compensated operating range = —4.2V to 
—5.7V 


[Pinnames | Deverpton | 


Data Inputs 


-Enable Input 
Data Outputs 
Complementary Data Outputs 





24-Pin Flatpak 
Dg De E Veg Dy Dy 


24 23 22.21 20 19 


Voc 


X (27) 0, 7 8 9 10 11 12 


O26 O46 VecVeca 1» Op 
TL/F/10249-2 


TL/F/10249-4 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 


If Mititary/Aerospace specified devices are required, 

please contact the National Semiconductor Sales Gase hempetalute (Tc) ‘ n 

Office/Distributors for avallability and ifications Solana! Peo eee 
WANT Sees : Military —55°C to + 125°C 


Storage Temperature (Tstq) —65°C to + 150°C Supply Voltage (Vee) 


Maximum Junction Temperature (Ty) : Commercial —5,7V to —4.2V 
Ceramic +175°C Military —5,7V to —4.2V 
Plastic + 150°C 


Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Vee to + 0.5V 
Output Current (DC Output HIGH) —50mA 
ESD (Note 2) 2=2000V 


€1 E00! 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


symbol | __—Parameter_ =| Min. | Typ | Max | Units | Conditions 
VoH Output HIGH Voltage —1025 | -955 | -870 | mV Ny =ViH (Max) ey 
VoL Output LOW Voltage -1830 | -1705 | -1620 OF VIL (Min) to ~2. 


VoHG Output HIGH Voltage — 1035 rT mV Vin = VIH (Min) Loading with 
Vorc | Output LOW Voltage a ee oF VIL (Max) pon eree! 


ViIH Input HIGH Voltage ~1165 —870 mV Guaranteed HIGH Signal 
for All Inputs 


Input LOW Voltage ~1475 ay Guaranteed LOW Signal 
for All Inputs 


[_inputLowCurent | ogo | ||| Vin = Vi. i 


Input HIGH Current 
Data 350 _ 
Enable 240 pA Vin = VIH (Max) 


lec | PowerSupplycurent__—— || -s9_| | ~20 | ma _| inputs Open 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Veca = GND 





Parameter 


Propagation Delay 
Data to Output . : ‘ : ‘ . Figures 1 and 2 


‘ Note 1) 
Propagation Delay ; ( 
Enable to Output 0.80 1.80 0.80 1.80 


Transition Time Pires Fant 2 
20% to 80%, 80% to 20% O45 1.30 | 0.45 1.30 : i 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 
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100313 


Commercial Version (continued) 


PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
Data to Output ove te Os ae8 Figures 1 and 2 
: Note 2) 

Propagation Delay ( 
Enable to Output 0.80 1.70 0.80 1.70 0.80 1.80 
Transition Time Figures 1 and 2 
20% to 80%, 80% to 20% 0.45 1.30 0.45 1.30 0.45 1.30 

TBD TBD TBD 


Skew GatotoGate | TaD | TaD | 80 | POC Only (Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 


Military Version — Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


|___ Parameter | _ min | Max [units] tc | Conditions| 
Output HIGH Voltage 
Vin =VIH (Max) | Loading with 


Output LOW Voltage or ViL(Min) | 502 to —2.0V 
|=1e90| -1555] mv | -sec 

Output HIGH Voltage |-1035] | mv | orcto+125°C | 
[-toes| | mv | 85°C | Vin =Vin mtn | Loading with 

i a See eee 
|| =1555[ mv | seo 


Input HIGH Voltage —870 | mv | —55°C to +125°C Guaranteed HIGH Signal 
for All Inputs 

Input LOW Voltage _1475| mv | —55°Cto +125°C Guaranteed LOW Signal 
for All Inputs 

Input LOW Current —55°C to +125°C Vee = —4.2V 
Vin = VIL (Min) 


Input HIGH Current 
Data 350 m ' 
Enable aap, (Be) (OG te lee: | yet a ey 
VIN=V 
Data 500 5 IN IH (Max) 
Enable || fw] nwo 


Power Supply Current — 55°C to + 125°C | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vox/VoL- 
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Military Version — Preliminary (Continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Veg = —4.2V to —5.7V, Vcc = Voca = GND 


To = -55°C | Te = +25°C | To = +125°C 


0.45 1.50 0.45 1.50 0.45 1.60 js | 
0.70 2.00 0.70 2.00 0.70 2.10 fons | Figures 7 and 2 
0.45 1.30 0.45 1.30 0.45 1.30 | ns | 


Conditions 


Transition Time 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parmeter Te ES SBS C | Te = +200 | Te = +4260 


Propagation Delay 
Data to Output 


045 1.50 | 0.45 1.50 | 0.45 1.60 js | 
1,2,3,5 
Propagation Delay , 
Saat 070 200 | 0.70 200 | 070 2.10 Figures 1 and 2 
Transition Time 045 1.30 | 0.45 1.30 | 0.45 1.30 } ns | 


20% to 80%, 80% to 20% 
Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “cold start” specs which can be considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at + 25°C, Subgroup A9. 


Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
All. 


Note 4: Not tested at +25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5; The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 


Test Circuitry 
Vee 

Notes: 
Voo: Voca = +2V, Vee = —2.5V. 
L1 and L2 = equal length 509 impedance lines. 
Rr = 502 terminator internal to scope. 
Decoupling 0.1 uF from GND to Vcc and Veg. 
All unused outputs are loaded with 50 to GND. 
C_ = Fixture and stray capacitance < 3 pF. 


Pin numbers shown are for flatpak; for DIP see logic 
24 23 = 22 21 502 symbol. 


TL/F/10249-5 


FIGURE 1. AC Test Circuit 





2-25 





€LEO0l 


100313 


Switching Waveforms 


0.7+0.1 ns 0.7+0.1 ns 
+ 1.05 V 


50% 
20% 


" —> yee 


50% 


OUTPUT el teHL 


80% 
50% 
COMPLEMENT ; 20% 


{TLH 24) = {THL 


FIGURE 2. Propagation Delay and Transition Times 
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National ADVANCE INFORMATION 
Semiconductor 


F100314 
Low Power Quint Differential Line Receiver 


yLEOol 


General Description 


The F100314 is a monolithic quint differential line receiver | output state exists if both inverting and non-inverting inputs 
with emitter-follower outputs. An internal reference supply _—are at the same potential between Vee and Voc. The de- 
(Vgp) is available for single-ended reception. When used in _ fined state is logic HIGH on the O,-Og outputs. 
single-ended operation the apparent input threshold of the 

true inputs is 25 mV to 30 mV higher (positive) than the Features 

threshold of the complementary inputs. Unlike other F100K = w_ 35% power reduction of the F100114 

ECL devices, the inputs do not have input pull-down resis- ® 2000V ESD protection 


abe — m Pin/function compatible with F100114 
Active current sources provide common-mode rejection of Voltage compensated operating range = 


1.0V in either the positive or negative direction. A defined ~4.2V to —5.7V 


Logic Symbol 


| PinNames | Description | 


Data Inputs 


Inverting Data Inputs 
Data Outputs 
Complementary Data Outputs 





TL/F/10260-1 


Connection Diagrams 





24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 
Da Da nVers Om O, OF De Oc Veg Vee Dp Dy 

Oeaw ) 

Beas se 24 23 22 21 20 19 


oo 
eo aa 


D, 
D 
6 
0 


oon Danek wD = 
eo 


7 8 9 10 11 12 





a.8,8,8 
Oi as oo 
Dy Dy O,Versd, 0, 9, 


TL/F/10260-4 


Oo 


Og Og Veo Veca % O% 
TL/F/10260-3 


—_ 
ny — 


TL/F/10260-2 
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100321 


National 
Semiconductor 


F100321 
Low Power 9-Bit Inverter 





General Description 


The F100321 is a monolithic 9-bit inverter. The device con- 
tains nine inverting buffer gates with single input and OuIpHt. 
All inputs have 50 k®. pull-down resistors. 


Ordering Code: see Sections 
Logic Symbol 


a cee 
as ome 
ae ae 
a oe 
— 


TL/F/10609-1 


Connection Diagrams 


24-Pin DIP 


onont DO Mm eR WwW NY = 


e3) 
Dy Dz Ds VeesVeca0s 2 


TL/F/10609-2 


28-Pin PCC 


Ds D4VocaVees 4 O5 Og 
fd aE) 
| he 


Features 

m 30% power reduction of the F100121 

m 2000V ESD protection 

@ Pin/function compatible with F100121 

@ Voltage compensated operating range = 
—5.7V 


—4.2V to 


| PinNames —|____—Description 


Dy-Dg 
01-09 





Data Inputs 
Data Outputs 


24-Pin Quad Cerpak 
Dg Dg VocaYer D7 Dg 


24 23 22 21 20 19 


7 8 9 10 11 12 


04 99 Voc Veca0g 07 
TL/F/10609-3 
TL/F/10609-4 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Military —~55°C to +125°C 


Storage Temperature (Tst@) —65°C to + 150°C Supply Voltage (Vee) 
Maximum Junction Temperature (Ty) Commercial —5.7V to —4.2V 


Ceramic +175°C Military —5.7V to —4.2V 
Plastic + 150°C 


Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Veg to +0.5V 
Output Current (DC Output HIGH) —~50 mA 
ESD (Note 2) >=2000V 


LZ€O0l 


Case Temperature (Tc) 
Commercial 0°C to + 85°C 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol | Parameter | Min | typ_| Max | Units | Conditions 

Vou Vin =Vin (Max) | Loading with 
Vou = 1705 ee Sagi 
Vouc | OutputHiGHvottage | -1035 | | | mv Viv = Vi tir) | Loading with 
Vorc__| Outputrowvottage | | | = te10 | mv | Orin (MAH) Ne aes 


VI Input HIGH Voltage ~ 1165 ~870 mV Guaranteed HIGH Signal 
for All Inputs 
Input LOW Voltage Guaranteed LOW Signal 
— 1830 
for All Inputs 


| inputLowcurrent | 050 | | |_—wA_|_ Vin = Vi (Min) 
|_InputHigHCurrent | |_| ea] Vv = Vin (Max) 
| Power Supply Current | -65 | | ~90 | mA | InputsOpen 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functonal operation under these 
Conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 


immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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100321 


Commercial Version (Continued) 


Ceramic Dual-in-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


ee ae eae oe be aa 


Propagation Delay Figures 1 and 2 
Data to Output (Note 1) 
Transition Time ; 

20% to 80%, 80% to 20% 0.35 1.20 0.35 1.20 0.35 1.20 aes Figures 1 and 2 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 





PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter ea see Te = 785°C oe Conditions 


Propagation Delay Figures 1 and 2 
Data to Output 
Transition Time 


20% to 80%, 80% to 20% 


Skew, Gate to Gate PCC Only 
(Note 1) 


Figures 1 and 2 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
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Military Version — Preliminary 


LcEOo! 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


Symbol | ___Parameter__ | _ win | Max | units | Te | Conditions "| _Notes 


Output HIGH Voltage a O°C to 
BO TON ak gone 


| -1085 | -870 | mv | —s5°C_| Vin = Vin(Max) | Loading with 


Output LOW Voltage ee ee orcto | oF Vit (Min) 502 to —2.0V 
+125°C 


| =1890 | -1855 | mv | -s5°c | 


Output HIGH Voltage mV 0°C to 
+125°C 


| -1085 | |v | —ssrc | Vin = Vin (Min) | Loading with 


Output LOW Voltage 0°C to or Vi_ (Max) 502 to —2.0V 
SAG10 We Olle ee | 


| | 1855 
Input HIGH Voltage = - -—55°C to | Guaranteed HIGH Signal 
pee ae +125°C | for All Inputs 1,2,3,4 
Input LOW Voltage - —55°Cto | Guaranteed LOW Signal 
(isc ee ee +125°C_|_for All Inputs ee 
Input LOW Current —55°Cto | Vee = —4.2V 
+125°C | Vin = Vit (Min) 


Input HIGH Current 0°C to 
PA | +1256 | Veg = ~5.7V 


pa tare Vin = Vin (Ma) 


Note 1; F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at —55°C, +25°C and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL. 
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Military Version — Preliminary (Continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter. ae = +25°C To = + 125°C ee 


Propagation Delay 
Data to Output 180 
Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% 0.30 1.20 0.30 1.20 0.30 1.20 i. 


Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


| aaneter | Te —8SE_| To 1256 | Te 28286 lynne! conan | 
Propagation Delay 
ae oe oe | 
Figures 1 and 2 
seateees| oo [ow [ow a [= 
20% to 80%, 80% to 20% 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 

Note 3: Sample tested (Method 5005, Table 1) on each mfg. lot at +25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 





Test Circuitry 


PULSE 
GENERATOR 


Notes: iz TL/F/10609-5 
Voc Veca = +2V, Vee = —2.5V FIGURE 1. AC Test Circuit 

L1 and L2 = equal length 509 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 pF from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

C_ = Fixture and stray capacitance < 3 pF 
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Switching Waveforms 


0.7+0.1 ns (Pree ns 
80% 
teu _ 


50% 
20% 
OUTPUT 


fi tPHL 
80% 


ee Lee Sra 


FIGURE 2. Propagation Delay and Transition Times 
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Look 


100322 


National 
Semiconductor 


F100322 
Low Power 9-Bit Buffer 


General Description 


The F100322 is a monolithic 9-bit buffer. The device con- 
tains nine non-inverting buffer gates with single input and 
output. All inputs have 50 kN, pull-down resistors and all 
outputs are buffered. 


Ordering Code: see Sections 


Logic Symbol 


o,—_>——_ 0; 
bo, ——_{>—— 0 
D3 —_>——- 
Db, ——{>—— o 
Ds —_——- 
De —_P— 
b, ——_}>—— © 


Connection Diagrams 


TL/F/10608-1 


24-Pin DIP 


ooaonr nuk wanhi = 


=— —_ 
n—-~ oOo 


TL/F/10608-2 


28-Pin PCC 


Ds Dg VocaVers04 O5 Og 
1) B) 3) &) 





8,8 ,8,8 
ft] 2g B4 Bs) 
Dy Dz Dg VegsVoca3 92 
TL/F/10608-4 


Features: 

m 30% power reduction of the F100122 
m 2000V ESD protection 

@ Pin/function compatible with F100122 


m Voltage compensated operating range = 
—5.7V 


—4.2V to 


| PinNames | Description 


Dy, Dg 
01, Og 





Data Inputs 
Data Outputs 


24-Pin Quad Cerpak 
Dg Dg VocaVee D7 Dg 


24 23 22 21 20 19 


7 8 9 10 11 12 


01 Og Vee Voc, 9 97 
TL/F/10608-3 
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Above which the useful life may be impaired. (Note 1) ESD (Note 2) 2 2000V 


If Military/Aerospace specified devices are required, . 
please contact the National Semiconductor Sales Recommended Operating 


Office/Distributors for availability and specifications. Conditions 
Storage Temperature (Tstc) —65°C to + 150°C Case Temperature (Tc) 


Maximum Junction Temperature (Ty) Commercial O°C to + 85°C 
Ceramic +175°C Military —55°C to + 125°C 


Plastic +150°C Supply Voltage (Ver) 
Veg Pin Potential to Ground Pin —7.0V to +0.5V Commercial —5.7V to —4.2V 


input Voltage (DC) Veg to +0.5V Military —5.7V to —4.2V 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol Conditions 


cc£00l 


| Min | 
VoH Vin = Vin (Max) | Loading with 

Vo. Seat dierent 
Vous 


Vin = ViH(Min) Loading with 
or VIL (Max) 502 to —2.0V 


Guaranteed HIGH Signal 


Vin Input HIGH Voltage 
Ss ee for All inputs 
Input LOW Voltage Guaranteed LOW Signal 
— 1830 
for All Inputs 


Input LOW Current | _ 0.50 _| P| A | Yy = Vici 
Input HIGH Current ew || 240 pA Vin = _VIH (Max) 
Power Supply Current | -65 | -30 Inputs Open 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay Figures 1 and 2 
Data to Output 0.45 1.45 0.45 1.45 0.45 1.55 (Note 1) 
Transition Time Figures 1 and 2 
20% to 80%, 80% to 20% 0.35 1.20 0.35 1.20 0.35 1.20 | as | 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 


PCC and Cerpak AC Electrical Characteristics 


Vez = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay Figures 1 and 2 
Data to Output 0.45 1.25 0.45 1.25 0.45 1.35 (Note 2) 
Transition Time ‘ 

20% to 80%, 80% to 20% 0.35 1.10 0.35 1.10 0.35 1.10 ns | Figures 7 and 2 


Skew, Gate to Gate Pte | TD | ps_| PCC Only (Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
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100322 


Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C 


Output HIGH Voltage | —1025 0°C to + 125°C 
—1085 | —870 mV —55°C Vin =VIH (Max) | Loading with 
(Max) 
Output LOW Voltage —1620 OCto +1256 | OF VIL (Min) 5021 to —2.0V 
Output HIGH Voltage | -1035| | mv | o°Cto + 128°C 
Output LOW Voltage —1610 orcto +1266 | OF ViL (Min) | SOM to —2.0V 


Input HIGH Voltage _870 mv | —55°Cto +125°C Guaranteed HIGH Signal . 
for All Inputs 
Input HIGH Voltage 1830 | —1475 | mv | —55*Cto +125°C Guaranteed LOW Signal 
for All Inputs 
Input LOW Current it 55°C to +125° VEE = —4,.2V 
Vin = VIL (Min) 


Input HIGH Current | | ea0 | pa | 0°C to +125°C Vee = —5.7V 
Power Supply Current | -70 | —25 | ma | —55°C to + 125°C | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups Ai, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Voy/Vot. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND : 


Parameter To = —55°C To = +25°C To = +125°C 


Gemry [om om [oe om [oe om fol, 
Figures 1 and 2 
_ | Transition Time 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


= — 4 = 2 = + 0 
Parameter Tc 55°C Te = +25°C Tc 125°C 


Aaa reih as 0.30 1.80 0.40 1.60 0.40 1.80 Fs | 

P Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% 030120 | oe vee use ioe a | 


Note 1: Fi00K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, only Subgroup Ag. 


Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and — 55°C temperatures, Subgroups A10 and 
A11. 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
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Test Circuit 


Notes: 

Voc: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 50 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 »F from GND to Voc and Veg 

All unused outputs are loaded with 509. to GND PULSE 
CL = Fixture and stray capacitance < 3 pF GENERATOR 


FIGURE 1. AC Test Circuit 


Switching Waveforms 


0.7 0.1 ns 


OUTPUT 


PF agen | 


FIGURE 2. Propagation Delay and Transition Times 
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TL/F/10608-6 
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100324 


National 
Semiconductor 


F100324 





Low Power Hex TTL-to-ECL Translator 


General Description 


The F100324 is a hex translator, designed to convert TTL 
logic levels to 100K ECL logic levels. The inputs are com- 
patible with standard or Schottky TTL. A common Enable 
(E), when LOW, holds all inverting outputs HIGH and holds 
all true outputs LOW. The differential outputs allow each 
circuit to be used as an inverting/non-inverting translator, or 
as a differential line driver. The output levels are voltage 
compensated over the full —4.2V to —5.7V range. , 
When the circuit is used in the differential mode, the 
F100324, due to its high common mode rejection, over- 
comes voltage gradients between the TTL and ECL ground 
systems. The Veg and Vr7_ power may be applied in either 
order. 


Ordering Code: see Sections 
Logic Diagram 


E 


Dp 
Ds 
Dg 


Ds 
TL/F/9878-4 


Connection Diagrams 


24-Pin DIP 


oon nw WwW NH 


nu = Oo 


TL/F/9878-1 


28-Pin PCC 


Ds Qs O5 Vers Q4 Q4 O3 
OOO 


Dy Dz Q9 Vees Ap Qy 0} 





The F100324 is pin and function compatible with the 
F100124 with similar AC performance, but features power 
dissipation roughly half of the F100124 to ease system cool- 
ing requirements. 


Features 

@ Pin/function compatible with F100124 
m Meets F100124 AC specifications 

m 50% power reduction of the F100124 
g Differential outputs 

m 2000V ESD protection 

gw —4,2V to —5.7V operating range 


| PinNames—|___—Description 


Data Inputs 
Enable Input 


Data Outputs 
Complementary 
Data Outputs 





24-Pin Quad Cerpak 
Dp Vir. E Vee D3 Dy 


24 23 22 21 20 19 


7 8 9 10 11 12 


QQ Vee Veca Vera 93 
TL/F/9878-2 


24 bs) 


TL/F/9878-3 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Military —~55°C to +125°C 


Storage Temperature (TstG) —65°C to + 150°C Supply Voltage (Vee) 


Maximum Junction Temperature (Ty) Commercial —5.7V to ~4.2V 


Ceramic +175°C Military —5.7V to —4.2V 
Plastic + 150°C 


Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Vit_ Pin Potential to Ground Pin +6.0V to —0.5V 
Input Voltage (DC) Veg to +0.5V 
Output Current (DC Output HIGH) —50mA 
ESD (Note 2) =2000V 


yceo0ol 


Case Temperature (Tc) 
Commercial 0°C to + 85°C 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | min | Typ 


Vou = 1025 
Vou =1708 
Voxc 
Vos | Outputtowvottage | 


Vin Input HIGH Voltage | 20 | 


Input Clamp Diode Voltage 


Input HIGH Current 
Data 
Enable 


Conditions 
— 870 
—1620 


Vin = VIH (Max) Loading with 
or Vit (Min) 502 to —2.0V 


mV 
ay Vin = ViH(Min) Loading with 
—1610 or Vit (Max) 509 to —2.0V 


Guaranteed HIGH 
Signal for Ail Inputs 


Guaranteed LOW 
Signal for All inputs 


lin = —18mA 


Vin = +2.4V, 
All Other Inputs Vix) = GND 


Vin = +5.5V, 
All Other Inputs = GND 


Oo 


Input HIGH Current 
Breakdown Test, All Inputs 


Input LOW Current 
Data 
Enable 


Vin = +0.4V, 
mA All Other Inputs Vin = Vin 





Vee Power Supply Current —70 mA All Inputs Vin = +4.0V 


ITTL Vtt_ Power Supply Current mA All Inputs Vij = GND 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the “worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


a 
e ms 
P| Pie : 
3 
able [es []<[<[e 
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100324 


Ceramic Dual-In-Line Package AC Electric Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, VITL = +4.5V to +5.5V 


Propagation Delgy 0.50 3.00 | 050 290 | 050 3.00 
Data and Enable to Output , 

Figures f and 2 
Transition Time 
20% 10 80%, 80% to20% | O45 1.80 | 0.45 1.80 | 0.45 1.80 | ns | 


PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND, VrtL = +4.5V to +5.5V 


= °c = °C = = + °C 
ene eee ete el cannes 


Data and Enable to Output Figures 1 and 2 
Transition Time 0.45 
20% to 80%, 80% to 20% at oA if of af 


Skew, Gate to Gate PCC Only 
(Note 1) 


Note 1: Gate to gate skew is defined as the difference in the propagation delays between each of the outputs. 


Military Version—Preliminary 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to +1256°C, Vit_ = +4.5V to +5.5V 


| Parameter | Min | Max |units| Te |_——Conditions, 
Output HIGH Voltage 
Vin = Vin (Max) 
Output LOW Voltage orViL (Min) | Loading with 
| =1630 | alpen enee 
a ee eel 
Output HIGH Voltage | —1035| | _mv_ | orcto+125°C | 
|-tos| | mv | sec Vin = Vin (Max) | Loading with 
Output LOW Voltage | | -1610 | mv | orcto +125°C | orVi_ (Min) | 502 to —2.0V 
|| = 1555] mv | sc | 
ise ol VEN a Peper ee Over Vir, Vee, To Range 
|Inputow voltage | 00 | 08 | v_ | ~85°0to +1250 | Over Vin. Vee, To Range 
[inputHigH Curent | | 20 | wa | -sscto+taso| Vin= 427 
Breakdowntest_ | |_t00_| wa | -sscto+i28c| v= +55v 
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Military Version—Preliminary (Continued) 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = = = GND, a = —§55°C to + 125°C, Vrt_ = +4.5V to +5.5V (Continued) 


Parameter | te | Conaitions 


Input LOW Current 
—55°C to + 125°C Vin = +0.5V 


Data aia 
Enable 
ala) Sere ie ui 125°C ae me VIN 7 * a 


Input Clamp 
Diode Voltage 
Vee Power 
Supply Current 
=e 55°C to +125°C All inputs Vin = GND 


VtTL Power 
Supply Current 


Note 1: Fi00K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 


considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL- 


Ceramic Dual-In-Line Package AC Electric Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, VrtL = +4.5V to +5.5V 


eae = +25 en 2388. = + 125°C 
Propagation Delay 3.30 
Data and Enable to Output ; 
Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% 0.35 1.80 0.45 1.80 0.45 1.80 Fs | 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, VttL = +4.5V to +5.5V 


Parameter 


Propagation Delay 3.30 
Data and Enable to Output ; 
Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% 0.35 1.80 0.45 1.80 0.45 1.80 jas | 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroup A9, and at + 125°C and —55°C temperatures, Subgroups A10 and 
Alt. 


Note 4: Not tested at +25°C, + 125°C, and — 55°C temperature (design characterization data). 
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100324 


Switching Waveform 


2.5 + 0.3 ns—» 


COMPLEMENT 


OUTPUT tory 


TL/F/9878-6 


Test Circuit 
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TL/F/9878-5 
FIGURE 2. AC Test Circuit 
Notes: 
Veo: Voca = OV, Vee = —4.5V, Vir = +5.0V, Vi = +3.0V 
Li, L2 and L3 = equal length 509 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Voc, Vee and Viti 
All unused outputs are loaded with 502 to GND 
C, = Fixture and stray capacitance < 3 pF 
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National 
Semiconductor 


F100325 
Low Power Hex ECL-to-TTL Translator 


General Description 


The F100325 is a hex translator for converting F100K logic 
levels to TTL logic levels. Differential inputs allow each cir- 
cuit to be used as an inverting, non-inverting or differential 
receiver. An internal reference voltage generator provides 
Ves for single-ended operation, or for use in Schmitt trigger 
applications. All inputs have 50k pull-down resistors. 
When the inputs are either unconnected or at the same 
potential the outputs will go low. 


When used in single-ended operation the apparent input 
threshold of the true inputs is 20mV to 40mvV higher (posi- 
tive) than the threshold of the complementary inputs. The 
Vee and Vrt_ power may be applied in either order. 


Ordering Code: see Sections 


Logic Diagram 


TL/F/9879-4 


Connection Diagrams 


SZEO0! 


Features 

m Pin/function compatible with F100125 
m Meets F100125 AC specifications 

m 50% power reduction of the F100125 
m Differential inputs with built in offset 
m@ Standard FAST® outputs 

m 2000V ESD protection 

m —4.2V to —5.7V operating range 


| PinNames Description 


Data Inputs 
Inverting Data Inputs 
Data Outputs 


24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 
Dy Dy Dy Vees Dp Dp Q% D4 Ds Ds Ver Vpg D2 


oon 7D oO FWD = 


_ oo 
yp — Oo 


TL/F/9879-1 








HOO) 


24 23 22 21 20 19 


7 8 9 10 11 12 


SOS Oo a oS 
Dy Ds Ds Vees Qs Qa, Qs Vo Vm Veo Voc Q, Q 


TL/F/9879-3 TL/F/9879-2 





100325 


Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial O°C to +85°C 
Office/Distributors for availability and specifications. Military —55°C to + 125°C 


Storage Temperature (Tstq) ~—65°C to + 150°C Supply Voltage (VEE) 


Maximum Junction Temperature (Ty) , Commercial —5.7V to —4.2V 
Ceramic +175°C Military —§.7V to —4.2V 
Plastic + 150°C 


Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Vrtt Pin Potential to Ground Pin +6.0V to —0.5V 
Input Voltage (DC) Veg to + 0.5V 
Output Current (DC Output HIGH) —50mA 
ESD (Note 2) >=2000V 


DC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = GND, To = 0°C to +85°C (Note 3) 


symbol | ___Parameter_—|_Min | Typ | Max | Conditions 
Ves Output Reference Voltage — 1380 —1260 mV lvep = —2.1mA . 


Vin Single-Ended Input = o Guaranteed HIGH Signal for All Inputs 
HIGH Voltage 1188 S70 mV | (with One Input Tied to Ves) 

VIL Single-Ended Input _ se Guaranteed LOW Signal for All Inputs 
LOW Voltage ie Oe my (with One Input Tied to Veg) 

VoH Output HIGH Voltage lon = —2.0mA Vin = Vin (Max) 

Vo. __| Output LOW Voltage La eal lo. = 20 mA or VIL (Min) 


VoIFF Input Voltage Differential mV Required for Full Output Swing 
Vom Common Mode Voltage 


iis Input HIGH Current id 


Input LOW Current : 


Output Short-Circuit Current 


Vee Power Supply Current —37 
Vtti Power Supply Current 


*Test one output at a time. 


V 
V 


s 
QO 
| 
° 
a 
< 


Vin = VIH (Max): Do-Ds = Ves; 
Do-Ds = Vit (Min) 


oo 
n 
°o 

= 
> 


Vin = Vit (Min) Do-Ds = Ves 
Vout = GND* 
Do-Ds = Vep 
Do-Ds = Vep 


= 
> 


3 
> 


i) 
NX 
| 
MN 
> 


3 
> 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Ceramic Dual-In-Line Package AC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voco = GND, Vrt_ = +4.5V to +5.5V 


Propagation Delay 
Data to Output 
Propagation Delay 
Data to Output 


PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = GND, Vr7L = +4.5V to +5.5V 


ae eel ae ae 
Propagation Delay 
Data to Output 
Propagation Delay 
Data to Output 


Note 1: Gate to gate skew is defined as the difference in the propagation delays between each of the outputs. 





Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
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Conditions 


CL = 15 pF 
Figures 1 and 2 
Cy. = 50 pF 
Figures 1 and 3 


Conditions 


CL = 15 pF 
Figures 7 and 2 
C, = 50 pF 
Figures 1 and 3 


PCC only 
(Note 1) 





Sceool 





100325 


Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C, CL = 50 pF, VTL = +4.5V to +5.5V 


Symbol| __Parameter_—| min | Max |Units| Tc _—|_—Contitions__— | Notes 


VeB Output Reference Voltage lvep = —3 pA, Vee = —4.2V 


—1380 |v | —ser0t0 +1280 vag = ~2.1MA, Veg = —5.7V 1,2,3 
Input HIGH Voltage _4165| —870 | mv |—55°C to + 125°C Guaranteed HIGH Signal for All Inputs 1,2,.3,4 
(with One Input Tied to Vag) 
VIL Input LOW Voltage —1830| —1475| mv | —55°C to +125°C Guaranteed LOW Signal for All Inputs 1,2,3,4 
(with One Input Tied to Vgp) 


Vv Output HIGH Voltage O°C to + 125°C 
or VIL (Min) 
Vo. _|OutputLowvoltage | — | 05 | mv |—s5°Cto +125°C| lo. = 20mA 


2.5 
2.4 

VpiFF | Input Voltage Differential iso] | av zi cae . Required for Full Output Swing 1,23 
—35 





Vom Common Mode Voltage 3 — 55°C to 
2000 mV 4.425°C 1,2, 3,4 
Input HIGH Current nA O°C to + 125°C VIN = ViH (Max) Do-Ds = Ves, 1,2,3 


Input LOW Current | 0.50 | ~55°C to + 125°C} Vin = Vit (min), Do-Ds = Ves 1,2,3 
Output Short Circuit Vout = GND 

ons = J + 'o, 
Current Pel le c Test One Output at a Time ens 
SUPA 50 | pA | —55°C to +125°C| YouT = 5.6V 1,2,3 
Leakage Current 


IEE Vee Power Supply Current —12 —55°C to + 125°C} Do-Ds = Vep 1,2,3 
ITTL Vt Power Supply Current a —55°C to + 125°C | Do-Ds5 = Vea 1,2,3 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Voy/VoL- 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = GND, VL = +4.5V to +5.5V 


Parameter Tc = —55°C To = +25°C Toe = +125°C unt 
‘ |e | 


70 ~=—-5.70 BL Sue 


Figures 1 and 3 


Propagation Delay 
Data to Output 1.50 5.00 1,60 4.70 
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Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = GND, VTL = +4.5V to +5.5V 


EG Pre LO ee a ee ee 


SZE00! 


Propagation Delay CL = 50 pF 
Data to Output ie ices 120 abe Figures 1 and 3 


Note 1; F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, temperature only, Subgroup A9. 


Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and — 55°C temperatures, Subgroups A10 and 
Alt. 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 





Switching Waveform 


0.7 20.1 ns 0.7+0.1 ns 


ATTENUATED 
OUTPUT 


TL/F/9879-6 
FIGURE 1. Propagation Delay 
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100325 


Test Circuits 
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Notes: 

Voc = OV, Veg = —4.5V, VTL = +5V 

L1 and L2 = equal length 50 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 uF from GND to Voc, Veg and Vit 
All unused outputs are loaded with 5009 to GND 
C_ = Fixture and stray capacitance = 15 pF 


TL/F/9879-5 
FIGURE 2. AC Test Circuit for 15 pF Loading 
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Test Circuits (Continued) 
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Vee 
TL/F/9879-8 
FIGURE 3. AC Test Circuit for 50 pF Loading 


Notes: 

Voc = OV, Vee = —4.5V, VTL = +5V 

L1 and L2 = equal length 500 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 »F from GND to Voc, Vee and VttL 
All unused outputs are loaded with 500M to GND 
C, = Fixture and stray capacitance = 50 pF 
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100328 


National 
Semiconductor 


F100328 
Low Power Octal ECL/TTL 





ADVANCE INFORMATION 


Bi-Directional Translator with Latch 


General Description 


The F100328 is an octal latched bi-directional translator de- 
signed to convert TTL logic levels to 100K ECL logic levels 
and vice versa. The direction of this translation is deter- 
mined by the DIR input. A LOW on the output enable input 
(OE) holds the ECL outputs in a cut-off state and the TTL 
outputs at a high impedance level. A HIGH on the latch 
enable input (LE) latches the data at both inputs even 
though only one output is enabled at the time. A LOW on LE 
makes the F100328 transparent. 


The cut-off state is designed to be more negative than a 
norma! ECL LOW level. This allows the output emitter-fol- 
lowers to turn off when the termination supply is —2.0V, 
presenting a high impedance to the data bus. This high im- 
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. 


Logic Symbol 


To Ty Tz Ts Ts 1s Te. Tz 


Ey EF, £2 Es Ey Es Eg Ey 


TL/F/10219-1 


Connection Diagrams 


24-Pin DIP 


10 


oman Oak wn 


—_ = 
no = 


TL/F/10219-2 


28-Pin PCC 


Ty Tz TsVees Ty Ts Ts 
HOF) 
fae a 





1 Go 2) Ga 3 e4 BS 
Ey E> EsVeesE, Es Eg 


The F100328 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 kf. pull-down resistors. 


Features 

m Identical performance to the F100128 at 50% of the 
supply current 

m Bi-directional translation 

m 2000V ESD protection 

@ Latched outputs 

m@ FAST® TTL outputs 

m TRI-STATE® outputs 

= Voltage compensated operating range = 
—4.2V to —5.7V 


Description 


ECL Data I/O 

TTL Data I/O 

Output Enable Input 
Latch Enable Input 
Direction Control Input 


All pins function at 100K ECL levels except for To-T7. 


24-Pin Quad Cerpak 
Ey LE Voc Vee Ym. To 


24 23 22 21 20 19 


7.8 9 10 11 12 
LA 


Eq OE Vo Voca DIR Tz 


TL/F/10219-4 
TL/F/10219-3 
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National 
Semiconductor 


F100329 
Low Power Octal ECL/TTL Bidirectional 
Translator with Register 


General Description 


The F100329 is an octal registered bidirectional translator 
designed to convert TTL logic levels to 100K ECL logic lev- 
els and vice versa. The direction of the translation is deter- 
mined by the DIR input. A LOW on the output enable input 
(OE) holds the ECL outputs in a cut-off state and the TTL 
outputs at a high impedance level. The outputs change syn- 
chronously with the rising edge of the clock input (CP) even 
though only one output is enabled at the time. 


The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-fol- 
lowers to turn off when the termination supply is —2.0V, 
presenting a high impedance to the data bus. This high im- 
pedance reduces the termination power and prevents loss 
of low state noise margin when several loads share the bus. 


Logic Symbol 
Ty 11) Te 13 14 Ts Te 1 
Ey Ey Eo Ex Ey fs fb E7 


TL/F/10583~1 


Connection Diagrams 


24-Pin DIP 


10 


onaon mom On he WwW DS 


= 
np = 


TL/F/10583-2 





28-Pin PCC 
Ty Ta TsVees 14 Ts Te 
fi] fo (3) [6] 





Ey Ey EsVeesEy Es Eg 


ADVANCE INFORMATION 


6cE00l 


The F100329 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 kf pull-down resistors. 


Features 

@ Bidirectional translation 

m ECL high impedance outputs 
m Registered outputs 

m@ FAST TTL outputs 

g@ TRI-STATE® outputs 


m Voltage compensated operating range = 
—5.7V 


—4,.2V to 


ECL Data l/O 

TTL Data I/O 

Output Enable Input 
Clock Pulse Input 
(Active Rising Edge) 
Direction Control Input 


All pins function at 100K ECL levels except for To-T7. 


24-Pin Quad Cerpak 
Eg CP Voo Ver Vir. To 


24 23 22 21 20 19 


7-8 9 10 11 12 
Ey OE VocVocy DIR Tz 


TL/F/10583~3 TL/F/10583-4 
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National 
Semiconductor 


F100331 





Low Power Triple D Flip-Flop 


General Description 


The F100331 contains three D-type, edge-triggered mas- 
ter/slave flip-flops with true and complement outputs, a 
Common Clock (CP), and Master Set (MS) and Master Re- 
set (MR) inputs. Each flip-flop has individual Clock (CP,), 
Direct Set (SD,) and Direct Clear (CD,) inputs. Data enters 
a master when both CP, and CPc are LOW and transfers to 
a slave when CP, or CP¢ (or both) go HIGH. The Master 
Set, Master Reset and individual CD, and SD, inputs over- 
ride the Clock inputs. All inputs have 50 kf. pull-down resis- 
tors. 


Logic Symbol 


TL/F/10262~1 


Connection Diagrams 


24-Plin DIP 


oon nnarkuwan — 


= 
n =—- Oo 


TL/F/10262-2 


28-Pin PCC 


SDp CDg CPy Vers Dy Qp Oy 


7 bo (2) ) @ fe) G) 


5,888 ,8 
3) Go (24 G2) BS 2a Bs) 


CP, CD; SDo Vers CD. CP D2 


ADVANCE INFORMATION 


Features 

@ 35% power reduction of the F100131 
m 2000V ESD protection 

@ Pin/function compatible with F100131 


™ Voltage compensated operating range = 
—-6,7V 


—4.2V to 


Description 


CPo-CP2 
CPco 
Do-Da 
CDp-CDa2 


Individual Clock Inputs 
Common Clock Input 

Data Inputs 

Individual! Direct Clear Inputs 
SDn Individual Direct Set Inputs 
MR Master Reset Input 

MS Master Set Input 

Qo-Qe Data Outputs 

Qo-Qe Complementary Data Outputs 





24-Pin Quad Cerpak 
Dy SDy MR Veg CPg MS 


24 23 22 21 20 19 


7 8 9 10 14 12 


Q2 Q Vee Veena 9 
TL/F/10262-3 


TL/F/10262-4 
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National 
Semiconductor 


F 100336 
Low Power 4-Stage Counter/Shift Register 


General Description 


The F100336 operates as either a modulo-16 up/down 
counter or as a 4-bit bidirectional shift register. Three Select 
(Sp) inputs determine the mode of operation, as shown in 
the Function Select table. Two Count Enable (CEP, CET) 
inputs are provided for ease of cascading in multistage 
counters. One Count Enable (CET) input also doubles as a 
Serial Data (Do) input for shift-up operation. For shift-down 
operation, Dg is the Serial Data input. In counting operations 
the Terminal Count (TC) output goes LOW when the coun- 
ter reaches 15 in the count/up mode or 0 (zero) in the 
count/down mode. In the shift modes, the TC output re- 
peats the Q3 output. The dual nature of this TC/Qg output 
and the Do/CET input means that one interconnection from 
one stage to the next higher stage serves as the link for 


Ordering Code: see Sections 


Logic Symbol 


CEP DUCET Po Py Py P 
cp ol 'o Py P2 P3 


TL/F/10584-1 


Connection Diagrams 
24-Pin DIP 


oan One WD 


= 
n = 2 


28-Pin PCC 
Py Pz Ps Vers Os Q3 Gy 


G4] fe) Ce) Ce) @) Ce Cs) 
BREE ES 


O.0,8,.8,8,8 
19} (eo) (2x) (22) (3) (24) Bs} 


multistage counting or shift-up operation. The individual Pre- 
set (P,,) inputs are used to enter data in parallel or to preset 
the counter in programmable counter applications. A HIGH 
signal on the Master Reset (MR) input overrides all other 
inputs and asynchronously clears the flip-flops. In addition, 
a synchronous clear is provided, as well as a complement 
function which synchronously inverts the contents of the 
flip-flops. All inputs have 50 kO pull-down resistors. 


Features 

@ 30% power reduction of the F100136 
@ 2000V ESD protection 

m@ Pin/function compatible with F100136 


m Voltage compensated operating range = 
—4.2V to —5.7V 


Pinner Description 


Clock Pulse Input 

Count Enable Parallel Input (Active LOW) 
Serial Data Input/Count Enable 

Trickle Input (Active LOW) 

Select Inputs 


Master Reset Input 

Preset Inputs 

Serial Data Input 

Terminal Count Output 

Data Outputs 
Complementary Data Outputs 





24-Pin Quad Cerpak 
S} So HR Ver CP Po 


24 23 22 21 20 19 


7 8 9 10 11 12 


Qy 4 Voc Voc, @2 Q 
TL/F/10584-3 


Sp CEPD/CET Vers TC Q9 Oy 


TL/F/10584~2 


TL/F/10584-4 
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100336 


Logic Diagram 


at 2 
a i ian iat Sulit 


as (Ey ae pe 
ae 





Function Select Table 


9EE00! 


Parallel Load 
Complement 
Shift Left 
Shift Right 
Count Down 
Clear 

Count Up 
Hold 


Eo eS ee re 
Er eee ee 
ae er a eS 


Truth Table 
Qo = LSB 


Inputs Outputs 


MR | S2 | si | So | GP | Do/GET | Ds | cP | as | Ge | @ | Go| TE | Mode 
L pefpetetx | x txt iret et rot | Preset (Parallel Load) 


L L H L 
ea 
X 
X 
X 
X 
X 
X 
X 
X 
X 


L H L 
L H H 

Lif Qg-Q3 = LLLL *Before the clock, TC is Q3 

H if Qg-Q3 % LLLL After the clock, TC is Q2 

L if QgQ-Q3 = HHHH 

H if Qg-Q3 # HHHH 

HIGH Voltage Level 

LOW Voltage Level 

Don’t Care 

“ = LOW-to-HIGH Transition 


me 
> 
gai 
= |o 
—|a 
Q 


| paced es 
>| 
ie 
PEE 


Shift Right 


(Qo- | (Qo-g)minus1 | minus o.oo Count Down 
Qo Count Down with CEP not active 
re Count Down with CET not active 


LH | Clear 


ee 3) _ fa @ Count Up 
Qo ® Count Up with CEP not active 
a ae Count Up with CET not active 


Hold 


Asynchronous 
Master Reset 


<DerK KK XK fi 


x< 
TriartTrmTrrereeerec = 


x KK KK KK OK OK 
Pe Ee eer eer 
en A eS 
ae a De 
i Se ee a ae 


x 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
® 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Military —~55°C to + 125°C 


Storage Temperature (Tstq) —65°C to + 150°C Supply Voltage (Vee) 
Maximum Junction Temperature (Ty) Commercial —5§.7V to —4.2V 


Ceramic + 175°C Military —5.7V to —4.2V 
Plastic + 150°C . 


Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Vee to + 0.5V 
Output Current (DC Output HIGH) —50mA . 
ESD (Note 2) 2 2000V 


Case Temperature (Tc) 
Commercial 0°C to + 85°C 


Commercial Version 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Vin Input HIGH Voltage 1165 | -a70 | omw | Gai 
VIL Input LOW Voltage — 1830 peewee —1475 es Clee 


lie | Input LOW Current —_| LOW Current Vin = Vit (Min) 


Sreer r= ee eee Olt Vin = Vin (Max) 


Power Supply Current Inputs Open 
—198 — 100 a VEE = —4.2V to —4.8V 
—220 —100 Vee = —4.2V to—5.7V 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 


immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Commercial Version (continued) 


Ceramic Dual-In-Line Package AC Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Symbol 


fshitt 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tTLH 
tTHL 


ts 


Pulse Width HIGH 
tow) | cp MR wie oo 


Parameter 


Shift Frequency 


Propagation Delay 
CP to Qn, Qn 


Propagation Delay 
CP to TC (Shift) 


Propagation Delay 
CP to TC (Count) 


Propagation Delay 
MR to Qn, Qn 


Propagation Delay 
MR to TC (Count) 


Propagation Delay 
MR to TC (Shift) 


Propagation Delay 
Do/CET to TC 


Propagation Delay 
Sp to TC 


Transition Time 


20% to 80%, 80% to 20% 


Setup Time 
D3 
Ph 
Do/CET 
CEP 
Sn 
MR (Release Time) 


Hold Time 


D3 

Ph 

Do/ CET 
ag 


To = +850 


Tc = 0°¢ 





= 
N 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Conditions 


Figures 2and 3 


Figures 1 and 3 
(Note 1) 


Figures 1, 7,8 
(Note 1) 


Figures 1 and 9 
(Note 1) 


Figures 1 and 4 
(Note 1) 


Figures 1, 12 
(Note 1) 


Figures 1, 10, 17 
(Note 1) 


Figures 1 and 5 
(Note 1) 


Figures 1 and 3 


Figure 6 


Figure 6 


Figures 3 and 4 
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Commercial Version (Continued) 


PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND ; 


fshift Shift | ShiftFrequency Figures 2and 3 

tPLH Propagation Delay Figures 1 and 3 

tpHL CP to Qn, On (Note 2) 

tpLH Propagation Delay Figures 1, 7, 8 

tepHL CP to TC (Shift) (Note 2) 

tpLH Propagation Delay Figures 1 and 9 

GAL CP to TC (Count) 1.60 4.40 1.60 4.40 1.60 4.80 (Note 2) 

tpLH Propagation Delay Figures 1 and 4 

teHL MR to Qh; Qn (Note 2) 

tPLH Propagation Delay Figures 1 and 12 

tPHL MR to TC (Count) (Note 2) 

tpHL Propagation Delay Figures 1, 10, 11 
MR to TC (Shift) (Note 2) 

teLH Propagation Delay 


tPHL Do/CET to TC 30 Figures 1 and § 


tPLH Propagation Delay (Note 2) 


tPpHL Sp to TC 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


ts Setup Time 


Figures 1 and 3 


Do/CET : ‘ : Figure 6 
CEP 
Sn 
MR (Release Time) 
Hold Time 
D3 
Pa : 
Do/CET : ? : Figure 6 
CEP 


Sn 
ts, G-G Skew, Gate to Gate PCC Only: 
(Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Military Version—Preliminary 


9EE00l 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to + 125°C 


Sa 


Output HIGH Voltage ~ 1025 —870 0°C to 
+ 125°C 


Output LOW Voltage 1830 | —1620 


= 1830 


Output HIGH Voltage ~ 1035 me 


1085 — 


Vin = Vin (Max) | Loading with 
—55°C or Vit (Min) 502. to —2.0V 
0°C to 

+ 125°C 
—55°C 


0°C to 
+ 125°C 


Vin = Vin (Min) Loading with 
—55°C or VIL (Max) 502. to ~2.0V 
0°C to 

1et0 + 125°C 


Input HIGH Voltage = —55°C to | Guaranteed HIGH Signal 
Fe eae caer ol +125°C_| for All Inputs eae 


Output LOW Voltage 


Input LOW Voltage ” —55°C to | Guaranteed LOW Signal 
| eile oe +126°C_| for All Inputs 
Input LOW Current te —55°Cto | Vee = —4.2V 


+125°C | Vin = Vit (min) 
Input HIGH Current 


o°c on ar 
oe 


Vin = ViH(Max) 





Power Supply Current eg Inputs Open 
— 208 —100 Vee = —4.2V to —4.8V 
— 230 -—100 S08 Vee = —4.2V to —5.7V 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stablize due to heat dissipation after power-up. This provides ‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input conditon and testing VoH/Vot.- 
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Military Version—Preliminary (Continueg) 


Ceramic Dual-In-Line Package AC Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


= (some eee scala 
PHL nm Yn 1,2,3,5 
teLH Propagation Delay : 
fea CP to TC (Shift) 1.20 4.00 1.20 4,00 1.30 4.10 Figures 1, 7,8 
tPLH Propagation Delay : 
tom. (OP to TC (Count 1.50 4.80 1.50 4.80 Figures 1and 9 |1,2,3,5 
tt |MRI0Qn Gy te eee dade 
PHL nm “in 1,2,3,5 
tPLH Propagation Delay 
tpHL MR to TC (Count) bis pee 
tPHL Propagation Delay 
MR to TG (Shift) 3.60 Figures 1, 10, 11| 1, 2,3, 5 
eu |peagrere | 0 oa mg oe oe | 
PHL 0 Figures 7 and § |1,2,3,5 
ech. || Eropagelion Relay 080 4.20 | 080 4.40 | 090 ~ 5.00 
teHL Sp, to TC 
tTLH Transition Time ; 
trHL | 20% to 80%, 80% to 20% pee tee as ee Sines based 


ts i 
CET . : ; Figure 6 
MR (Release Time) : : : 
Hold Time 
Ds ; : : 
Ph : F : 
Do/CET rigure.e 
a 


Pulse Width HIGH 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “cold start’ specs which can be considered a worst case condition at cold tempertures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroups A9. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroups AQ, and at + 125°C and — 55°C temperatures, Subgroups A10 and 
Ait. 


Note 4: Not tested at +25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Military Version—Preliminary (Continuea) 


9EE00l 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


fsit___| Shit Frequency | 200 | oo | 200 Miz [Figures zanaa | 4 


im_[CPtoOn Gy ia ee coli batee 
PHL nn 1,2,3,5 
tPLH Propagation Delay 
an CP to TC (Shit 4.10 Figures 1, 7, 8 
tPLH Propagation Delay ; 
ae CP to TC (Count) 1.50 4.80 1.50 4.80 1.50 5.20 Figures 1, 9 1,2,3,5 
on cea Oo Bn le 
PHL mn Qh 1,2,3,5 
tpLH Propagation Delay 
nis MR to TC (Count) 4.30 Figures 1 and 12 
tPHL Propagation Delay ; 
MR to TC (Shitt) 1.50 3.40 1.50 3.40 1.60 3.60 Figures 1, 10, 1111, 2,3, 5 
at [Boeerere” | 1 940 | 110 ado fd 
PHL 0 Figures and § |1,2,3,5 
tPLH Propagation Delay 5.00 
tPHL S, to TC 
tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% i ee wee 


ts Setup Time 
. i : Figure 6 
al 


tpw(H) | Pulse Width HIGH 
CP, MR Figures 3 and 4 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “cold start” specs which can be considered a worst case condition at cold tempertures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
Alt. 


Note 4: Not tested at +25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Test Circuitry 


PULSE 
GENERATOR 


DELAYED 


PULSE 
GENERATOR 





Notes: 
For shift right mode, + 1.05V is applied at So. 


24 23 22 21 2019 
18 
17 
16 
15 
14 
13 
78 9 10 1112 


0.1 pF 25 uF 


ijt 


FIGURE 1. AC Test Circuit 


Notes: 

Veo. Voca = +2V, Veg = —2.5V 

L1, L2 and L3 = equal length 500 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Vcc and Vee 

All unused outputs are loaded with 509 to GND 
C,, = Fixture and stray capacitance < 3 pF 


Pin numbers shown are for flatpak; 
for DIP see logic symbol 


TL/F/10584-6 


TL/F/10584-7 


FIGURE 2. Shift Frequency Test Circuit (Shift Left) 


The feedback path from output to input should be as short as possible. 
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Switching Waveforms 


9EE001 


OUTPUT 


teLHy 
OUTPUT 


TL/F/10584-8 


0.720.1 ns 


OUTPUT 





TL/F/10584-9 
FIGURE 4. Propagation Delay (Reset) 
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Switching Waveforms (Continued) 


0.7+0.1 ns 


OUTPUT 


_ been er 


FIGURE 5. Propagation Delay (Serial Data, Selects) 


TL/F/10584-10 


INHIBIT COUNT 


forces ==-4 


\ 


TL/F/10584-11 


Notes: 


ts is the minimum time before the transition of the clock that information must be present at the data input. 
th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 


FIGURE 6. Setup and Hold Time 


Output Q3 / \ 


CLOCK 50% 
tPLH tPHL 
TC 50% 
TL/F/10584-15 


Note: Shift Right Mode; Sg = H, Sj = H, Sg = L. 
FIGURE 7. Propagation Delay, Clock to Terminal Count (Shift Right Mode) 
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Switching Waveforms (Continued) 


Input Dz / \ 


CLOCK 50% 


teLy teHL 
Tc 50% 


Note: Shift Left Mode; Sp = L, Sy = H, So = L. TL/F/10584-16 
FIGURE 8. Propagation Delay, Clock to Terminal Count (Shift Left Mode) 
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15 


_ 
> 
_ 
Ww 
_ 
i) 
— 
Oo 
wo 
Loe) 
MN 
a 


on 


s 
count down | 


15! 0 


Ls) 
w 
> 
1S) 
an 
~ 
o 
wo 
ra) 


count up’; 14 
i] 


' 
' ' 
“rs tp ek: 
' 
' 
' 
‘ 
1 
' 
' 


' 
1:0 
' 
' 
' 
‘ 
' 


TL/F/10584-17 
Note: 
*Decimal representation of binary outputs. 
Count Up: Sp = L, Sy = H, So = H; Count Down: Sg = L, S; = L, So = H. 
Measurement taken at 50% point of waveform. 


FIGURE 9. Propagation Delay, Clock to Terminal Count (Count Up and Count Down Modes) 


Output Q3 


CLOCK / \ 


MR 50% 
teu 


Tc 
TL/F/10584-18 
Note: Shift Right Mode; Sg = H, Sy = H, So = L. 
FIGURE 10. Propagation Delay, Master Reset to Terminal Count (Shift Right Mode) 
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Switching Waveforms (Continueg) 


9EE00l 


TL/F/10584-19 


L. 
FIGURE 11. Propagation Delay, Master Reset to Terminal Count (Shift Left Mode) 


H, Sp = 


L,S; = 


Note: Shift Left Mode; So 


TL/F/10584-20 


*Decimal representation of binary outputs. Count Up Mode: So = L, Sy = H, So = H. 


TL/F/10584-21 
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L,S; = L, So 
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*Decimal representation of binary outputs. Count Down Mode: So 


Applications 


3-Stage Divider, Preset Count Down Mode 
PRESETN 


Po-P3 
OCICEP F100336 


Tc 
Qs 


Qo Qy Q2 


Note: If So = S; = So = LOW, then Tc = LOW 


Slow Expansion Scheme 


OYCET 100336 OYCET F100336 Tc CACET F100336 Tc 


Fast Expansion Scheme 


O} CEP 
OL CET  F100336 F100338 Tc OYCET 100336 Tc 
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TL/F/10584-12 


F100336 Tc 


TL/F/10584~13 


F100336 Tc 


TL/F/10584-14 
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National 
Semiconductor 


F100341 


Low Power 8-Bit Shift Register 


General Description 


The F100341 contains eight edge-triggered, D-type flip- 
flops with individual inputs (P,_) and outputs (Q,) for parallel 
operation, and with serial inputs (D,) and steering logic for 
bidirectional shifting. The flip-flops accept input data a setup 
time before the positive-going transition of the clock pulse 
and their outputs respond a propagation delay after this ris- 
ing clock edge. 


The circuit operating mode is determined by the Select in- 
puts Sg and Sj, which are internally decoded to select either 
“parallel entry”, “hold”, ‘shift left” or “shift right” as de- 


Ordering Code: see sections 


Logic Symbol 


Do Po P1 Po Pa Pa Ps Pe Pr Dy 
cP 


So 


s 
"Qo Q; G2 G3 Q4 Gs Qe Q7 


TL/F/9880-1 


Connection Diagrams 


24-Pin DIP 


o On nunnrk wn — 


=_ 
nv =—- Oo 


TL/F/9880-2 


28-Pin PCC 
Ps Pg P7Veps D7 Q7 O¢ 
FD Cd Dea a | 
EES ES 8S 


scribed in the Truth Table. All inputs have 50 kQ pull-down 
resistors. 


Features 

m 35% power reduction of the F100141 
m@ 2000V ESD protection 

m@ Pin/function compatible with F100141 


m Voltage compensated operating range = 
—5.7V 


—4.2V to 


Clock Input 
Select Inputs 
Serial Inputs 
Parallel Inputs 
Data Outputs 


24-Pin Quad Cerpak 
Ps Sy So Veg CP Py 


24 23 22 21 20 19 


7 8 9 10 11 12 


13 Go 2 22) G3) 2a Gs) 
Po Py PoVersDo Q9 Oy 


Q Q3 Vee Voca Q4 Qs 


TL/F/9880-4 TL/F/9880-3 
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Logic Diagram 


PARALLEL 


Truth Table 


| tnputs 
ee ee 
Load Register Xp xf ef 


Shift Left Ly 2 = Hf 
Shift Left .: Q4 Q, Qo 
Shift Right Q7 Qs Q4 
Shift Right Q7 Qe Q4 


Function 


No Change 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

~~ = LOW-to-HIGH Transition 
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’ Output Current (DC Output HIGH) 


Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the Natlonal Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstq) —65°C to + 150°C 
Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 
Vee Pin Potential to Ground Pin 


Input Voltage (DC) 


+ 150°C 

—7.0V to +0.5V 
Veg to + 0.5V 
—50mA 


ESD (Note 2) 22000V 


Commercial Version 
DC Electrical Characteristics 


+175°C 


Recommended Operating 


Conditions 


Case Temperature (Tc) 


Commercial 
Military 


Supply Voltage (Veg) 


Commercial 
Military 


Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


symbol | Parameter | Min. | Typ | Max__| Units 


VOH 
VoL 
VOHC 
Voc 


[ Suipuii vonage | —1028 | ass | —e70 | mv | vay vn On 
ori 
F outpttenvorage | 1005 | |__| mv | vw = vnoan 
Toutputtowvetage |__| | =se10 |_ mv | orvu an 


Vin Input HIGH Voltage 1165 Pg 


Input LOW Voltage ~ 1830 et —1475 eee 


| InputLOW Current —_| LOW Current 


| pA | 


0°C to + 85°C 
—55°C to + 125°C 


.—-56.7V to —4.2V 
—5.7V to —4.2V 


Conditions 
Loading with 
502 to —2.0V 


Loading with 
502 to —2.0V 


Guaranteed HIGH Signal 
for all Inputs 


Guaranteed LOW Signal 
for all Inputs 


Vin = Vic (Min) 


ee ee ea Vin = Vin (Max) 


Power Supply Current 





—157 —75 mA 
— 167 —75 mA 


Inputs Open 
Ver = —4.2V to —4.8V 
VeE = ~4.2V to —5.7V 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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Commercial Version (continueg) 


Lveool 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


Max Clock Frequency Figures 2and 3 


Propagation Delay Figures 1 and 3 
CP to Output (Note 1) 
Transition Time 


20% to 80%, 80% to 20% 
Setup Time 


Figures 1 and 3 


Figure 4 
Hold 


Figure 3 


Note 1: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 


PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Veca = GND 


fmax___| Max Clock Frequency st Figures 2 and 3 


tPLH Propagation Delay Figures 1 and 3 
tPHL CP to Output (Note 1) 
tTLH Transition Time 


trHe 20% to 80%, 80% to 20% 
ts Setup Time 


Figures 1 and 3 


Hold Time 


ts, G-G | Skew,GatetoGate | Gate to Gate PCC Only (Note 2) 


Note 1: The propagation delay specified is for the switching ers a single output. a may vary up to 0.40 ns a multiple outputs are eee Ee simultaneously. 
Note 2: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
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Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voeca = GND, To = —55°C to +125°C 


|__Parameter | Min | Max [units] to | Conditions, 
| 
Vin = Vin (Max) Loading with 
Ouiput LOW Vottags | 16901 —1620] mv | ects +1250 | Mi. Min) 500 to —2.0V 
[=16a0| -1555| mv | -s5C 
Output HIGH Voitage | -1035] | mv | orcto +125°C | 
}—-1085{ | mv | 55°C] Vin = Vin (Min) Loading with 
Soc eas or Vit (Max) 500 to —2.0V 
| |= t555| mv | sso 


Input HIGH Voltage —1165| —870 | mv | —55°C to +125°C Guaranteed HIGH Signal 
for All Inputs 
Input LOW Current —1890| —1475| mv | —55°Cto +125°C Guaranteed LOW Signal 
for All Inputs 
Input LOW Current Vee = —4.2V 
A | —55°C to + 125°C ; 
frettowcurent | geo | | ua [seco +1280 Vin = Vit (Min) 


[eto Pun | =asro |= Vo an 


Power Supply Current (ie Inputs Open 
aan —168 mA | —§5°C to +125°C | Veg = —4.2V to —4.8V 
—178 mA Vee = —4.2V to —5.7V 





Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “‘cold start” specifications which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, +25°C and +125°C, Subgroups 1, 2, 3, 7, and 8, 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8, 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL. 
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Military Version—Preliminary (continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Max Clock Frequency | MHz | Figures 2and 3 
FfopeuatenDeey 060 250 | 070 290 ome 
= Figures 1 and 3 

0.30 1.90 0.30 1.80 190 | ns | 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 


- Figure 4 
Hold Time BI 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Veco = Veca = GND 


ee °C oe °. = as °C 


Max Clock | Max Clock Frequency _| | MHz | | Figures 2 and 3 | 3 


Propagation Delay 
CP to Output ea 
P Figures 7 and 3 
Transition Time : 
20% to 80%, 80% to 20% 0.30 1.90 0.30 1.80 0.30 4.90 ) ns | 


Setup Time a 
: : Figure 4 
Hold Time Bl 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘cold start” specifications which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup Ag. 


Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
Alt. 


Note 4: Not tested at + 25°C, + 125°C and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 
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Test Circuitry 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


24 23 22 21 20 19 
18 


17 
16 


15 
13 


Notes: 

Voc: Voca = +2V, Vee = —2.5V 

L1, L2 and L3 = equal length 50N impedance fines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 pF from GND to Voc and Vee 

All unused outputs are loaded with 509 to GND 

Cy = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for Flatpak; for DIP see logic symbol 


FIGURE 1. AC Test Circuit 


TL/F/9880-6 


Do Po Py P2 Pz Pa Ps Pg P7 D7 
CP 


PULSE 
GENERATOR 


L 


Notes: 
For shift right mode pulse generator connected to So is moved to Sj. ; TL/F/9880-7 
Pulse generator connected to S, has a LOW frequency 99% duty cycle, which allows occasional parallel load. 


The feedback path from output to input should be as short as possible. . 
FIGURE 2. Shift Frequency Test Circuit (Shift Left) 
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Switching Waveforms 


LPEOol 


PARALLEL 


OUTPUT 


TL/F/9880~8 
FIGURE 3. Propagation Delay and Transition Times 


<— th 


te Notes: 


ts is the minimum time before the transition of the clock that information 
must be present at the data input. 
th is the minimum time after the transition of the clock that information must 


$0.31 V remain unchanged at the data input. 


TL/F/9880-9 
FIGURE 4. Setup and Hold Times 
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National 
Semiconductor 


F100343 
Low Power 8-Bit Latch 


General Description 

The F100343 contains eight D-type latches, individual in- 
puts, (D,), outputs (Q,), a common enable pin (E), and a 
latch enable pin (LE). A Q output follows its D input when 
both E and LE are LOW. When either E or LE (or both) are 
HIGH, a latch stores the last valid data present on its D 
input prior to E or LE going HIGH. 

The F100343 outputs are designed to drive a 502 termina- 
tion resistor to —2.0V. All inputs have 50 kN pull-down re- 
sistors. 


Ordering Code: see Sections 


Logic Symbol 


Dp D, Dp Ds Dy Ds Dg Dy 


Q OQ; Q2 Q3 Q4 Q5 Qs Q7 


TL/F/10250-1 
Connection Diagrams 


24-Pin DIP 


oanr momuonrkr win — 


=_~_ 
nv =~ Oo 


TL/F/10250-2 


28-Pin PCC 
Q4 Q Os Vegs Q4 O5 Qe 
0 i) fa &) 


Features 

m Low power operation 

m@ 2000V ESD protection 

m Voltage compensated operating range = 
—5.7V 


—4.2V to 


Data Inputs 
Enable Input 
Latch Enable Input 
Data Inputs 

No Connect 


24-Pin Quad Cerpak 
Do — CE YeeVocaQ 


24 23 22 21 20 19 


58 7 8 9 10 11 12 


(ts) 2d 29 22 23 24 BS) 
Dy Dz Ds Vegs Dy D5 Dg 


Dy NC Vee VecaVoca7 


TL/F/10250-4 TL/F/10250-3 
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Logic Diagram 


Latched* 
Latched* 


*Retains data present before either LE or E went HIGH 
H = HIGH voltage level 

L = LOW voltage level 

X = Dont's care 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impared (Note 1) Conditions 


If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales Case Temperaue (To) é F 

Office/Distributors for availabilit d specification Commerela| CONO Tee 2 
BAQES MaMAOUEY ANeSPe e Military —55°C to + 125°C 


Storage Temperature (Tstq) —65°C to + 150°C Supply Voltage (Veg) 


Maximum Junction Temperature (Ty) Commercial —5.7V to —4.2V 
Ceramic +175°C Military —5.7V to —4.2V 
Plastic + 150°C 


Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Veg to + 0.5V 
Output Current (DC Output HIGH) ~50mA 
ESD (Note 2) = 2000V 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol —_arameter__[|_win_| Typ {wax} un Conditions 

Vou Vin = Vin (Max) | Loading with 
Vou or Vi (Min) us eds 
Von Vin = Vin (Min) Loading with 


Guaranteed HIGH Signal for All Inputs 
Guaranteed LOW Signal for All Inputs 


InputLOW Voltage | -1830 | 
InputLOWCurrent | 0.50 | | vA | Vin = Vi (Min) 
Input HIGH Current | 240 | pA | Vin = Vin (Max) 


Power Supply Current Inputs Open 
—95 —65 Vee = —4.2V to —4.8V 
—97 —55 Vee = —4.2V to —-5.7V 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘worst case” conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


—fesee tens | ten tre 
Parameter Conditions 


Propagation Delay Figures 1,2,3 
D, to Output (Note 1) 
Propagation Delay Figures 1, 2,3 
LE, E to Output (Note 1) 
Transition Time 

20% to 80%, 80% to 20% 


al 
Des 
oe 





0.45 2.0 0.4 2.0 0.4 2.0 Figures 1, 3 
Setup Time 
Figures 1,4 


Hold Time 
Figures 1, 4 


Pulse Width HIGH 
LE,E 2.00 2.00 Figures 1, 4 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Commercial Version (continued) 


€peool 


PCC and Cerpack AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


symbol eee Conaltions 
tPLH Propagation Delay Figures 1, 2,3 
tPHL Dp to Output (Note 2) 
tpLH Propagation Delay Figures 1, 2,3 
tea LE, E to Output 1.40 2.70 1.40 2.70 1.60 2.90 (Note 2) 
tTLH Transition Time ; 
tHe 20% to 80%, 80% to 20% Pigues 1,9 
ts Setup Time 
Do-D7 1.00 Figures 1, 4 
th Hold Time 
Do-D7 Figures 1, 4 
tpw(H) Pulse Width HIGH 
LE,E | 2.00 2.00 Figures 1, 4 
ts,G-G Skew, Gate to Gate TBD TBD TBD PCC Only 
(Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Military Version — Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND, Tg = —55°C to +125°C 


a 


Output HIGH Voltage | _ ‘e 0°C to 


|= 85°C | Viy= Vin (Mex) | Loading with 


Output LOW Voltage " o°cto | or Vit (Min) 502 to —2.0V 
mv | +125°C 


Output HIGH Voltage 0°C to 
1035 mV 4 ec C 


— 1085 4 | 55°C | Vin = Vin (Max) Loading with 


+125°C 


es Ee 


Input HIGH Voltage ~1165 | —870 mV —55°C to | Guaranteed HIGH Signal for All Inputs 
+125°C 
Input LOW Voltage —1830 | —1475 only —55°C to | Guaranteed LOW Signal for All Inputs 
+ 125°C 
Input LOW Current A —55°C to | Veg = —4.2V 
B +125°C | Vin = Vit (Min) 
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Military Version — Preliminary (continued) 


DC Electrical Characteristics (Continued) 
Veg = —4.2V to —5.7V, Vcc = Voca = GND, To = —55°C to +125°C 


Parameter 


Input HIGH Current 
Vee = —5.7V 


Vin = Vin (Max) 


Power Supply Current Inputs Open 
Veg = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 
Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 


immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at — 55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vox/VoL- 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 

Dn to Output 2.80 Figures 1, 2, 3 
Propagation Delay 

LE, E to Output 0.90 3.40 10 3.410 | 1.10 3.90 Figures 1,2,3 


Transition Time 


Setup Time 
Do-D7 Figures 1, 4 
Hold Time 
Do-D7 | 1.50 1.50 1.70 Figures 1, 4 
Pulse Width HIGH fg 
TE, E 2.40 2.40 2.40 Figures 1, 4 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start’ specs which can be considered a worst case condition at cold temperatures. 





Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
All. 


Note 4: Not tested at + 25°C, +125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Epeool 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
Dn to Output Figures 1, 2, 3 
Propagation Delay 
LE, E to Output Figures 1, 2,3 


Transition Time Figures 1, 3 
20% to 80%, 80% to 20% aes 
Setup Time 

Do-D7 Figures 1, 4 
Hold Time 

Do-D7 | 1.50 1.50 Figures 1, 4 
Pulse Width HIGH 

LE,E | 2.40 2.40 2.40 Figures 1, 4 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
Alt. 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 





Test Circuitry 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


= TL/F/10250-6 
Notes: FIGURE 1. AC Test Circuit 


Voo: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 502 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 502 to GND 
C, = Fixture and stray capacitance < 3 pF 





Switching Waveforms 


0.7 ns£0.1 ns 0.7 ns£0.1 ns 


OUTPUT 


TL/F/10250-7 
FIGURE 2. Propagation Delays 
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Switching Waveforms (Continued) 


0.7 ns £0.1 ns 0.7ns20.1 ns 


TL/F/10250-8 
FIGURE 3. Propagation and Transition Times 
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tpw(H) | 
TL/F/10250-9 
FIGURE 4. Setup, Hold and Pulse Width Times 
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F100344 


preool 


Low Power 8-Bit Latch with Cut-Off Drivers 


General Description 

The F100344 contains eight D-type latches, individual in- 
puts (D,), outputs (Qn), a common enable pin (E), latch en- 
able (LE), and output enable pin (OEN). A Q output follows 
its D input when both E and LE are LOW. When either E or 
LE (or both) are HIGH, a latch stores the last valid data 
present on its D input prior to E or LE going HIGH. 

A HIGH on OEN holds the outputs in a cut-off state. The 
cut-off state is designed to be more negative than a normal 
ECL LOW level. This allows the output emitter-followers to 
turn off when the termination supply is —2.0V, presenting a 
high impedance to the data bus. This high impedance re- 
duces termination power and prevents loss of low state 
noise margin when several loads share the bus. 


Ordering Code: see Sections 


Logic Symbol 


Dy Dy D2 Ds Dy Dg Dg Dy 


Qo Q, Qs Qs Q, Qs Qs Q, 


TL/F/9883~-4 


Connection Diagrams 


24-Pin DIP 


oon OD WM & ww = 


nN =— oO 


TL/F/9883~1 





_ 28-Pin PCC 


Q1 Q2 Q5 Vers 24 O5 6 
BOOB 
“a a 


Dy Da Ds Veeg D4 Ds Dg 


The F100344 outputs are designed to drive a doubly termi- 
nated 502 transmission line (2520 load impedance). All in- 
puts have 50 kf pull-down resistors. 


Features 

m@ Cut-off drivers 

g@ Drives 252 load 

m Low power operation 
gm 2000V ESD protection 


a Voltage compensated operating range = 
—5.7V 


—4.2V to 


Data Inputs 

Enable Input 

Latch Enable Input 
Output Enable Input 
Data Outputs 


24-Pin Quad Cerpak 
Do E LE Yee Yeca 20 


a 24 23 22 21 20 19 


7 8 9 10 11 12 
pz) 


D7 OEN Yee Yoca Veca 97 


TL/F/9883-3 TL/F/9883-2 
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Logic Diagram 


Dp D, 


Qo 


Truth Table 


Latched* 
Latched* 
Cutoff 


*Retains data present before either LE or E go HIGH. 


H = HIGH Voltage level 

L = LOW Voltage level 

Cutoff = lower-than-LOW state 
X = Don’t Care 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the Natlonal Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature (Tstq) —65°C to + 150°C 


Maximum Junction Temperature (T,) 
Ceramic 
Plastic 


Veg Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
ESD (Note 2) 


+175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to +0.5V 
—100 mA 
22000V 


Commercial Version 


DC Electrical Characteristics 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 
Military 

Supply Voltage (Veg) 
Commercial 
Military 


0°C to + 85°C 
—55°C to + 125°C 


—5.7V to —4.2V 
—5.7V to —4.2V 


Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol | Parameter | Min_| 
Vou 
=1708 


VoL 

VoHc 
VoLc 
VoLz 


Input HIGH Voltage —1165 


Vin 
ViL 


| =956_| 
|= 1705 _| 


el 
fecaianal SC 
ia 


seo [av] 
a hae es Vin = Vin (Min) 

= = aie (Max) ‘ 252 to —2.0V 
| | ~t610 | mv _ 


m 


Guaranteed HIGH Signal! for All Inputs 
Input LOW Voltage — 1830 i —1475 Guaranteed LOW Signal for All Inputs 


Conditions 


Loading with 
2520 to —2.0V 


Loading with 


Vin = Vin (Min) EN = HIGH 


or Vi, (Max) 


n___| _imputtowcurent | oso | | wA_| Viv = Vis (Min) 
J InputHiGH Curent | | | 240A | Viv = Vin (Man) 


Power Supply Current 


—178 —85 ak 
—185 —85 


Inputs Open 
Vee = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under ‘worst case” conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
Dr to Output 


1.60 
1.00 


4.20 
2.70 


Propagation Delay 
OEN to Output 


Transition Time 
20% to 80%, 80% to 20% 


0.90 2.10 0.90 2.10 1.00 2.30 ns | 
Propagation Delay 
LE, E to Output 1.60 3.10 1.60 3.10 1.80 3.40 ns | 


1.60 
1.00 


0.45 2.00 0.45 2.00 0.45 2.00 ns | 


Conditions 


Figures 1, 2 
(Note 1) 
Figures 1, 2 
(Note 1) 


Figures 1,2 
(Note 1) 


4.20 
2.70 


4.20 
2.70 


1.60 
1.00 


Figures 1, 3 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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100344 


Commercial Version (continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics (Continued) 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Setup Time 

Do-D7 1.0 11 Figures 1, 3 
Hold Time 

Do-D7 0.1 0.1 Figures 1, 3 


Pulse Width HIGH 
LE,E Figures 1, 3 


PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


symbot oe oe Conditions 


tPLH Propagation Delay Figures 1, 2 
tPHL Dry to Output (Note 2) 
tPLH Propagation Delay 3.20 Figures 1, 2 
{PHL LE, E to Output = : (Note 2) 
tezH Propagation Delay 1.60 4.00 1.60 4.00 1.60 4,00 Figures 1, 2 
tpHz OEN to Output 1.00 2.50 1.00 2.50 1.00 (Note 2) 
{LH Transition Time 


trHL 20% to 80%, 80% to 20% Figures 1,3 


0.45 1.90 0.45 1.90 0.45 1.90 
ts Setup Time ; 
Do-D7 1.00 Figures 1,3 
th Hold Time 
Do-D7 ns Figures 1,3 
tow(H) Pulse Width HIGH - 
LE, E 2.00 2.00 
|e |e 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Military Version—Preliminary 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = —a = GND, a = —55°C — + 125°C 


Figures 1, 3 


PCC Only 
(Note 1) 


Parameter 


Output HIGH A i. x, 0°C to 
ete ee + 125°C 


ai | ae fat =e Vin = Vin (Max) | Loading with 


Output LOW Voltage Octo | oO ViL (Min) 262 to —2.0V 
-1830 | —1620 hoe 


Te as af 


Output HIGH Voltage 7 0°C a 


Set pe Vin = Vin (Min) Loading with 


Output LOW Voltage 0°C to or Vit (Max) 262 to —2.0V 
—1610 mV +425°C 


| = 1655 | mv | -s8r0 | 


2-86 





Military Version—Preliminary (Continued) 


preool 


DC Electrical Characteristics (continuec) 
Veg = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


Parameter pete ee 


Cutoff LOW Voltage mr 1950 ES Vin = Vip (MIN) 
or Vi_ (Max) 


Input HIGH Voltage 1165 | —870 ay —55°C to | Guaranteed HIGH Signal for All Inputs 1,2,3, 4 
+ 125°C 

Input LOW Voltage —1e30 | —1475 | mv —55°C to | Guaranteed LOW Signal for All Inputs 1,2,3,4 
+125°C 

Input LOW Current —55°C to | Vee = —4.2V 
+125°C | Vin = Vit (Min) 


Input HIGH Current 0°C to 


+ 125°C 
—55°C 





Veg = —5.7V 
Vin = Vin (Max) 


Inputs Open 

Vege = —4.2V to —4.8V 

Vee = —4.2V to —5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 


immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Voy/VoL. 


Power Supply Current ~55°C to 


+ 125°C 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


parciiaiee pace tee + 125°C | |e 
Propagation Delay 
Dy, to Output Figures 1, 2 
Propagation Delay 
LE, E to Output Figures 1, 2 
Propagation Delay 1.00 4.00 | 110 3.80 | 1.20 4.70 ; 
OEN to Output 0.70 3.00 | 070 280 | 070 3.20 Figures 1, 2 





Transition Time Figures 1, 3 
20% to 80%, 80% to 20% g 

Setup Time 

Do-D7 | 1.50 1.50 1.70 Figures 1, 3 
Hold Time 

Do-D7 Figures 1, 3 
Pulse Width HIGH 

tE,E 2.40 2.40 2.40 Figures 1, 3 





2-87 


100344 


Military Version—Preliminary (Continued) 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


a +25°C | To = +125°C eee so 
Propagation Delay 
Fie 

Dy, to Output igures 1,2 
Propagation Delay 

LE, E to Output Figures 1, 2 
Progation Delay 100 400 | 1.10 380 | 1.20 4.70 ee 
OEN to Output 0.70 3.00 0.70 2.80 0.70 3.20 g : 


Transition Time Figures 1, 3 
20% to 80%, 80% to 20% g 
Setup Time 

Do-D7 | 1.50 1.50 1.70 Figures 1, 3 
Hold Time 

Do-D7 Figures 1, 3 
Pulse Width HIGH 

LE,E 2.40 2.40 2.40 Figures 1, 3 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at +25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
A11. 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 





Test Circuitry 


SCOPE PULSE 
CHAN B GENERATOR 


PULSE 
GENERATOR 


0.1 wF 


Vee 


PULSE 
GENERATOR 


TL/F/9883-6 
Notes: FIGURE 1. AC Test Circuit 


Voc: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 509 impedance lines 
Rr = 502. terminator internal to scope 
Decoupling 0.1 »F from GND to Voc and Vee 
All unused outputs are loaded with 509 to GND 
C,, = Fixture and stray capacitance < 3 pF 
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Switching Waveforms 


t t ' ' 


Ment ag! 


tpyz tezH 
TL/F/9883-7 


FIGURE 2. Propagation Delay and Cutoff Times 


OUTPUT \ \ / 
' 


a ee 
TL/F/9883-8 


FIGURE 3. Setup, Hold and Pulse Width Times 
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100350 


National 
Semiconductor 


F100350 
Low Power Hex D-Latch 


General Description 


The F100350 contains six D-type latches with true and com- 
plement outputs, a pair of common Enables (Eg and Ey), 
and a common Master Reset (MR). A Q output follows its D 
input when both E, and Ep are LOW. When either E, or Ep 
(or both) are HIGH, a latch stores the last valid data present 
on its D input before E, or E, went HIGH. The MR input 
overrides all other inputs and makes the Q outputs LOW. All 
inputs have 50 kN pull-down resistors. 


Logic Symbol 


TL/F/9884-10 


Connection Diagrams 


24-Pin DIP 


28-Pin PCC 


ADVANCE INFORMATION 


Features 

m 20% power reduction of the F100150 

m 2000V ESD protection 

g@ Pin/function compatible with F100150 

@ Voltage compensated operating range = 
—4.2V to —5.7V 


[Pin Names _| Description 


Data Inputs 

Common Enable Inputs (Active LOW) 
Asynchronous Master Reset Input 
Data Outputs 

Complementary Data Outputs 


24-Pin Quad Cerpak 


Dy Do QoVeEs A QO 
HOO 
BEES S&S 


E, E, MR Ver Ds Dy 


24 23 22 21 20 19 


oan nn fF, wh — 


LA AA) 7 8 9 10 11 12 


1S) 20 i oS a BS 
Dy Ds O5VEESA5 Oy 4 
TL/F/9884-3 


Qs Qs Veg Voc, Qz Q2 
TL/F/9884-2 


TL/F/9884-1 
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National 
Semiconductor 


LSE00} 


F100351 
Low Power Hex D Flip-Flop 


General Description Features | 
The F100351 contains six D-type edge-triggered, master/ | 40% power reduction of the F100151 
slave flip-flops with true and complement outputs, a pair of + 2000V ESD protection 

common Clock inputs (CPg and CPp) and common Master —m Pin/function compatible with F100151 
Reset (MR) input. Data enters a master when bothCPgand sg Voltage compensated operating range: 
CPp are LOW and transfers to the slave when CP, and CPp —4.2V to —5.7V 

(or both) go HIGH. The MR input overrides all other inputs 

and makes the Q outputs LOW. All inputs have 50 kf pull- 

down resistors. 


Ordering Code: see Sections 
Logic Symbol 


| PinNames | Description 


Do-Ds_ Data Inputs 
CP Do _Dy Dz D3 Dy Ds CPa, CPh Common Clock Inputs 
MR Asynchronous Master Reset Input 
Qo-Q5 Data Outputs 
Qo-Qs Complementary Data Outputs 


TL/F/9885-11 


Connection Diagrams 


24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 


Dy Dy QVeEs Aq Q; Oy CP, CPq MR Ver Dz Dp 
DOOD wA 
an a: 


a5 24 23 22 21 20 19 





7 8 9 10 11 12 


oon OD Ae WH DS = 


: 
Dg Ds Q5VeEsQs Q4 Q4 Q3 Q3 Voc Veca 92 Q 
TL/F/9885-3 TL/F/9885-2 


= 
n—-*~ oO 


TL/F/9885-1 
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100351 


Logic Diagram 


Do 


Truth Tables (Each Flip-flop) 


Synchronous Operation 


2-92 


Dg MR CP. CP, Ds 


TL/F/9885-4 


Asynchronous Operation 


HIGH Voltage Level 

LOW Voltage Level 

Don’t Care 
t = Time before CP positive transition 
t+1 = Time after CP positive transition 
~ = LOW-to-HIGH transition 





Absolute Maximum Ratings 

Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature (Tstq@) 


Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 


Veg Pin Potential to Ground Pin 
Input Voltage (DC) 
Output Current (DC Output HIGH) 


—65°C to + 150°C 


+175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to + 0.5V 
—50 mA 


Recommended Operating 
Conditions 


Case Temperature (Tc) 
Commercial 
Military 

Supply Voltage (Vee) 
Commercial 
Military 


o°c to + 85°C 
—55°C to + 125°C 


—5.7V to —4.2V 
—5.7V to —4.2V 


LSE00} 


ESD (Note 2) = 2000V 


Commercial Version 


DC Electrical Characteristics 
Veg = —4.2V to —5.7V, Vcc = Voca = GND, To = 0°C to +85°C (Note 3) 


VIH Input HIGH Voltage ~1165 


Conditions 


Vin = Vin (Max) 
or Vi (Min) 


Loading with 
502 to —2.0V 


Vin = Vin (Min) 
or Vi (Max) 


Loading with 
502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 


for All Inputs 
Vin = Vit (Min) 


Input LOW Current 


Input HIGH Current 


350 
240 
350 


lEE Power Supply Current | -1209 | | 62 Inputs Open 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘worst case”’ conditions. 


Vin = Vin (Max) 





[Units _| 
eee [ame [PT 
a es 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


Conditions 


Figures 2and 3 


Propagation Delay 
CP3, CPp to Output 


Propagation Delay 
MR to Output 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1 and 3 


0.80 2.00 0.80 2.0 0.90 2.10 
1.10 2.30 1.10 2.30 1.20 2.40 


0.45 1.80 0.45 1.70 


Figures 1 and 4 


Figures 1 and 3 
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Commercial Version (continueg) 


Ceramic Dual-In-Line Package AC Electrical Characteristics (continued) — 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Setup Time 
Do-Ds 
MR (Release Time) 


Figure 5 


Figure 4 
Hold Time ; 
Do-Ds ; ; : Figure 5 


Pulse Width HIGH 
CPa, CPp, MR 


PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


fmax | ToggleFrequency —_—s—_| Frequency 375 Figures 2and 3 


tPLH Propagation Delay 
tPHL CP,, CPp to Output ; : : : . ; Figures 1 and 3 


teLH Propagation Delay 
tpHL MR to Output 1.10 : . : . . Figures 1 and 4 


Figures 3 and 4 


tTLH Transition Time ; 
tTHL 20% to 80%, 80% to 20% ; : . , . Figures 1 and 3 


Setup Time : 
Do-Ds ; ; Figure 5 


MR (Release Time) 





Figure 4 


Hold Time ; 
Do-Ds Figure 5 


Pulse Width HIGH , 
tow(H) CP,, CPp, MR : Figures 3 and 4 


ts, G-G Skew, Gate-to-Gate (PCC only) 
(Note 1) 


Note 1: Gate-to-gate skew is defined as the difference in propagation delays between each of the outputs. 
Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


[Parameter [Min | Max | unite | To [Conditions 


Output HIGH Voltage | _ = 0°C to 
— 1086 Vin = Vins (Max). | Loading with 


° or Vi_ (Min 500 to —2.0V 
Output LOW Voltage | _ 19g | _1620 rab iL (Min) 


[= r880 [a 1685 | mv | ac | 


Output HIGH Voltage _ o°c se 
See 


| -1085 | |__| 58°C | vy =Vpy(Min) | Loading with 


° or Vi (Max 509 to —2.0V 
Output LOW Voltage a ele oie iL (Max) 


pss av] 880 
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Military Version—Preliminary (Continued) 


DC Electrical Characteristics (continued) 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to + 125°C 


| Min | Max | units | To | Conditions, 
_ —55°C to | Guaranteed HIGH Signal 
iat add ae nv | +125°C | for All Inputs cay 
a —55°C to | Guaranteed LOW Signal 
= 1830 Nees ee + 125°C for All Inputs 1ee3)4 
Vin = Vin (Max) 
pA Cc 


Power Supply Current —55°Cto | Inputs Open 
+ 125°C 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured tot at —55°C, + 25°C, and +125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL. 


—55°Cto | Vee = —4.2V 
+ 125°C Vin = Vit (Min) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


Propagation (Sees. 

CPa, CPp to Output Figures 1 and 3 
Propagation Delay 

MR to Output 3.10 Figures 1 and 4 
Mie iaasd tae 0.45 1.80 0.45 1.70 0.45 1.80 Figures 1 and 3 
20% to 80%, 80% to 20% ; ; : : : : Ig 

Do-Ds 0.70 0.70 0.70 

MR (Release Time) 2.30 2.30 2.60 | Figures | 4 

Hold Time ae aah se ae 
Do-Ds 

Pulse Width HIGH ; 
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Military Version—Preliminary (Continued) 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter 


Toggle Frequency 


Propagation Delay 
CP, CPp to Output 


Propagation Delay 
MR to Output 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
Do-Ds 
MR (Release Time) 


Hold Time 
Pulse Width HIGH 
CP,, CPp, MR Figures 3 and 4 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, Temperature only, Subgroup A9. 
Note 3: Sample tested (Method 5005, Table 1) on each Mfg. lot at + 25°C, Subgroup AQ, and at + 125°C, and —55°C Temperature, Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C and —55°C Temperature (design characterization data). 


Test Circuitry 


PULSE 
GENERATOR 
Notes: 
Voc: Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 5029 impedance lines 
PULSE \ Ry = 502 terminator internal to scope 
GENERATOR ; 
Decoupling 0.1 y2F from GND to Voc and Vee ° 
All unused outputs are loaded with 509 to GND 
C. = Fixture and stray capacitance < 3 pF 


TL/’ 9885-5 


Notes: 

Voc: VocA = +2V, Veg = —2.5V 

L1 and L2 = equal length 509 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 50 to GND 
C, = Jig and stray capacitance < 3 pF 


TL/F/9885-6 
FIGURE 2. Toggle Frequency Test Circuit 
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Switching Waveforms 


0.7+0.1ns 


OUTPUT 


OUTPUT 


TL/F/9885-7 


ts (RELEASE TIME) 


OUTPUT 


OUTPUT 


TL/F/9885-8 
FIGURE 4. Propagation Delay (Reset) 


—<—— th 
—+>|t, |«-— 


50% 


TL/F/9885-9 
Notes: 
ts is the minimum time before the transition of the clock that information must be present at the data input. 
ty is the minimum time after the transition of the clock that information must remain unchanged at the data input. 


FIGURE 5. Setup and Hold Time 
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100352 


National 
Semiconductor 


F100352 


Low Power 8-Bit Buffer with Cut-Off Drivers 


General Description 

The F100352 contains an 8-bit buffer, individual inputs (Dn), 
outputs (Qn), and a data output enable pin (OEN). A Q out- 
put follows its D input when the OEN pin is LOW. A HIGH on 
OEN holds the outputs in a cut-off state. The cut-off state is 
designed to be more negative than a normal ECL LOW lev- 
el. This allows the output emitter-followers to turn off when 
the termination supply is —2.0V, presenting a high imped- 
ance to the data bus. This high impedance reduces termina- 
tion power and prevents loss of low state noise margin 
when several loads share the bus. 

The F100352 outputs are designed to drive a doubly termi- 
nated 502 transmission line (250 load impedance). All in- 
puts have 50 kQ, pull-down resistors. 


Ordering Code: see Sections 
Logic Symbol 


Do Dy Dy Ds Dy Ds Dg Dy 


Qo Q, Qs Qs Q, Qs Qs Q, 


TL/F/10248-1 


Connection Diagrams 


24-Pin DIP 


oan onoaerk wn = 


O39) Bo (29 22 23) B4 Bs) 
Dy Dz Ds Vers Dy Ds, Dg 


TL/F/10248-2 


28-Pin PCC 
Q; Qo Qs Vers Q4 O5 Qe 





Features 

m@ Cut-off drivers 

m Drives 259 load © 

m Low power operation 

m@ 2000V ESD protection 

w Voltage compensated operating range = 
—5.7V 


—4.2V to 


Description 


Data Inputs 

Output Enable Input 
Data Outputs 

No Connect 


24-Pin Quad Cerpak 
Dy NC NC Vee Voc, Q 


24 23 22 21 20 19 


7 8 9 10 11 12 





D7 EN Yee YecaYeca 27 
TL/F/10248-3 
TL/F/10248-4 
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Logic Diagram 


Do 


Truth Table 


H = HIGH Voltage Level 

L = LOW Voltage Level 

Cutoff = Lower-than-LOW State 
X = Don’t Care 
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TL/F/10248-5 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature (TsTq) —65°C to + 150°C 


Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 


Vee Pin Potential to 
Ground Pin 


Input Voltage (DC) 
Output Current (DC Output HIGH) 
ESD (Note 2) 


+ 175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to +0.5V 
—100 mA 

2 2000V 


Commercial Version 
DC Electrical Characteristics 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 
Military 

Supply Voltage (Veg) 
Commercial 
Military 


0°C to + 85°C 
—55°C to + 125°C 


—§.7V to —4.2V 
—5.7V to —4.2V 


VeE = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


ee eo 


Output HIGH Voltage ~1025 | -955 | ~870 | Vin = ViH (Max) 
Output LOW Voltage —1830 a ay or VIL (Min) 


Output HIGH Voltage — 1035 


eer eee 


Cut-Off LOW Voltage 


Input LOW Voltage ~1830 aa 1475 a 


| inputLow Curent | _ oso | | A 





Conditions 


Loading with 
252. to —2.0V 


Loading with 
252 to —2.0V 


Vin = VIH (Min) 
or ViL (Max) 
Vin = VI (Min) OF 


Vn sean 
“1h. \IVIGaAy 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


| pA | Vin = VIL (Min) 


PipathiGh Gren [an] Vin = Vin (Max) 


Power Supply Current 





—138 —70 a 
—143 ~70 


Inputs Open 
Veg = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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Commercial Version (continued) 


Ceramic Dual-In-Line Package AC Elecirical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter Te = +25°C Tc = +85°C 
| Min ax | min Max | Min Max_| 

Propagation Delay a0 Ben ‘ca as a 
Dn to Output 


Propagation Delay 1.60 4.20 1.60 4.20 1.60 


OEN to Output 1.00 2.70 1.00 2.70 1.00 


Transition Time 
20% to 80%, 80% to 20% 0.45 2.00 0.45 2.00 0.45 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


PCC and Cerpak AC Electrical Characteristics 


Vee = 4.2V to —5.7V, Voc = VCCA = GND 


= 0° = °, = + ° 


= oc 
propagation Delay 0.70 180 | 070 180 | 0.70 200 
Dn to Output 
Propagation Delay 1.60 4.00 1.60 4.00 1.60 
OEN to Output 1.00 2.50 1.00 2.50 1.00 
Transition Time 
20% to 80%, 80% to20% | 245 1.90 | 0.45 1.90 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Conditions 


Figures 1, 2 
(Note 1) 


Figures 1, 2 
(Note 1) 


Figures 1, 2 


Conditions 


Figures 1, 2 
(Note 2) 


Figures 1, 2 
(Note 2) 


Figures 1, 2 


PCC Only 


(Note 1) 





cSE00l 





100352 


Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND, Tc = —55°C to + 125°C 


| Parameter | Min 
~870 
nena eres 
| | —1830| ~1555 

| — 1085 
pe ene 
| | 1555 

ae 

Me a 


| te | Conatitions 
mv 

Vin = VIH(Max) Loading with 
V or VIL(Min) 252 to —2.0V 
VIN = VIH(Min) Loading with 
v | orCto +125°C | °F ViL(Max) 252. to -2.0V 
Vv 

mV Vin = VIH(Min),or 


Cut-Off LOW Voltage 

Input HIGH Voltage —4165| —870 | mV | —55°Cto + 125°C Guaranteed HIGH signal 
for All inputs 

Input LOW Voltage —1990| —1475] mv | —55°C to + 125°C Guaranteed LOW signal 
for All inputs 

Input LOW Current fos] | nal —55°C to + 125°C| Veg = 4.2V 

pA 

Vin = ViL(Min) 


Innut HIGH Currant 


3 
< 


— 1950 


O°Cto + 125°C | Vee = —5.7V 
Vin = ViH(Max) 





Power Supply Current Inputs Open 
—145 <ees on| VEE = —4.2V to —4.8V 
~150 FSP Be TON ORG  e 24 OV io 6 av 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL- 
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Military Version—Preliminary (continued) 


cSE00l 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 

0.30 2.60 0.50 2.40 | 0.50 2.70 Figures 1, 2 
Dn to Output 
Propagation Delay 1.20 5.00 1.40 4.20 | 1.20 4.30 ; 
OEN to Output 0.70 3.00 | 0.70 280 | 0.70 3.20 led 
Transition Time 
20% to 80%, 80% to 20% 0.40 2.50 0.40 2.40 | 0.40 2.70 eS Figures 1, 2 


Cerpak AC Electrical Characteristics 


Veg = —4.2V to -5.7V, Voc = Veca = GND 


Eropagalion Delay 0.30 260 | 0.50 240 | 0.50 2.70 Figures 1, 2 
Dn to Output 

Propagation Delay 1.20 5.00 1.40 4.20 1.20 4.30 Figures 1,2 
OEN to Output 0.70 3.00 0.70 2.80 0.70 3.20 9 : 
Transition Time ' 

20% to 80%, 80% to 20% 0.40 2.50 0.40 2.40 | 0.40 2.70 ey Figures 1, 2 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 





Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
At1, 


Note 4: Not tested at +25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Test Circuitry 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


Vee 


TL/F/10248-6 
FIGURE 1. AC Test Circuit 
Notes: . 
Voc: Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 50M impedance lines 
Ry = 502 terminator internal to scope 
- Decoupling 0.1 F from GND to Voc and Vee 
All unused outputs are loaded with 509 to GND 
C. = Fixture and stray capacitance < 3 pF 


Switching Waveforms 


DATA 


OUTPUT 
ENABLE 


c+ tep >) 


TL/F/10248-7 
FIGURE 2. Propagation Delay, Cut-Off and Transition Times 
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Nationa! 
Semiconductor 


F100353 
Low Power 8-Bit Register 


General Description 


Features 

The F 100353 contains eight D-type edge triggered, Master/ a Low POWer operation 

Slave flip-flops with individual inputs (D ), true Outputs (Q,)), oy 2000V Esp Protection 

@ Clock input (CP), andae m enable pin (CEN). Q Voltage compensated operating range 
Data enters the master when CP is Lo and transfers to —~5.7V 

the slave when Cp g0es HIGH, When th i 








= —4.2V to 


The F 100353 Output drivers are designeg to drive 502 ter- 
Mination to — 
tors. 


‘OV. All inputs have 50 kn Pull-down r@sis- 






Logic Symbol! 


Clock Enable Input 


Clock Input (Acti 
Q% Q; Q, Q; QO, Qs. Q¢ Q, Data Outputs 


No Connect 


ve Rising Edge) 





TLRS: 9882~4 





Connection Diagrams 


24-Pin DIP 28-Pin PcG 24-Pin Quad Cerpak 
91 2 5 Vers Qy Q5 9 2 CER op Vep Vooy Q 
alorert caved (8) B} 





Ce Rem’ 








24 23 22 21 20 19 
Q% £2 mm [21 0, iw Q 
Yoos £3 a B31 Voc, Dy 42 Q 
‘em MEI Vecg Dy ~43 Q 
Yees 3) Vo, 3 3 
CP ff) ® mm 28 Voc, O44 % 
CEN BAne Ds 45 
Dy 6 





03S 2 9 ey ba By 
P2 O3VeesD, Ds D6 





788 10 11 42 


D7 NC Veg Voca Yoo, Qy 





TL F/9882~3 


TL/F/9882..9 
TL/F/98g2..4 
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ects 


.ogic Diagram 






Dg wen cp D7 





Q Q Q, 


TLIF (9882-5 


Truth Table 


H = HIGH Voltage Level 

L = LOW Voltage Level 

YX = Don't Care 

NC = No Change 

J” = LOW to HIGH Transition 
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National 
Semiconductor 


-F100353 
Low Power 8-Bit Register 


General Description 


The F100353 contains eight D-type edge triggered, master/ 
slave flip-flops with individual inputs (D,), true outputs (Q,), 
a clock input (CP), and a common clock enable pin (CEN). 
Data enters the master when CP is LOW and transfers to 
the slave when CP goes HIGH. When the CEN input goes 
HIGH it overrides all other inputs, disables the clock, and 
the Q outputs maintain the last state. 

The F100353 output drivers are designed to drive 502 ter- 
mination to —2.0V. All inputs have 50 kN pull-down resis- 
tors. 





Ordering Code: see Sections 


Logic Symbol 





Do Dy Dy Ds D, Ds Dg D7 





Qy Q; Q2 Qs Q, Qs Os Q, 








Features 

G Low power operation 

m 2000V ESD protection 

1 Voltage compensated operating range = 
—5.7V 


—4.2V to 


| PinNames _| Description 


Data Inputs 

Clock Enable Input 

Clock Input (Active Rising Edge) 
Data Outputs 

No Connect 





Connection Diagrams 


10 


_~_— — 
npn = 





TL/F/9882-1 


TL/F/9882~4 


CENT] & 





24-Pin DIP 28-Pin PCC 
QQ) Qs Vers. Qy Os Og 
{ Hoe & 
2 
3 Q% 
Yoca G3) 2 
: Ver (4 
: Vees [5] 2 
6 cP i & 
7 
8 
9 


A “4 
3} 2d 2 22) 23 e4 BS) 
Dy Dz DsVepgDg Ds Dg 


TL/F/9882-3 
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24-Pin Quad Cerpak 
Do CEN cp Vee VecaQ 


24 23 22 21 20 19 


7 8 9 10 41 12 





Dz NC Voc VecaVeca97 
TL/F/9882-2 
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Logic Diagram 


Truth Table 


HIGH Voltage Level 
LOW Voltage Level 
Don't Care 
= No Change 
—~ = LOW to HIGH Transition 
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cp Dy 


TL/F/9882-5 





Absolute Maximum Ratings 


Recommended Operating 


Above which the useful life may be impared (Note 1) Conditions 

If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales meee Sih (Tc) O°C to +85°C 

Office/Distributors for availability and specifications. Military ~55°C to +125°C 

Storage Temperature (TsTq) —65°C to + 150°C Supply Voltage (Vee) 

Maximum Junction Temperature (Ty) Commercial —5.7V to —4.2V 
Ceramic +175°C Military —5.7V to —4.2V 
Plastic + 150°C 

Vee Pin Potential to Ground Pin —7.0V to +0.5V 

Input Voltage (DC) Veg to + 0.5V 

Output Current (DC Output HIGH) —50 mA 

ESD (Note 2) = 2000V 

Commercial Version 

DC Electrical Characteristics 

Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 

Symbol | __Parameter__— | Min | Typ | Max | Units | Conditions 

Vou Output HIGH Voltage — 1025 Vin = Vin (Max) Loading with 
VoL Output LOW Voltage | —1830 | —1705 | —1620 or Vi (Min) 502 to —2.0V 
VoHC Output HIGH Voltage — 1035 ae aan a Vin = Vin (Min) Loading with 
Voc | Outputtowvoltage | | | — 1610 ses Soe 


Vin __| InputHIGH Voltage | —1165 | | -870 | mv_ | Guaranteed HIGH Signal for all Inputs 
Vi.__| InputLowVoltage | —1e30 | | -1475 | mv_ | Guaranteed LOW Signal for all Inputs 
fn -reuvowcuret | oso | __} _| a | Vin = Vie (Min 
NH FinpwthigHGurent |_| + ao | na | Vin = Vin(Max) 


lEE Power Supply Current Inputs Open 
—119 —61 
—122 —61 


Vee = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 

conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘“‘worst case” conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


Parameter 


Toggle Frequency 


Propagation Delay 14 
CP to Output : 
sole le ol 








Conditions 











Figures 2, 3 







Figures 1, 3 
(Note 1) 


Transition Time 


ie 3 
20% to 80%, Figures 1, 






trHL 80% to 20% 









Setup Time 
Dn 
CEN (Disable Time) 
CEN (Release Time) 


ne Time 
0.10 
pas Width HIGH 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 









Figures 1, 4 










Figures 1,5 






Figures 1, 3 
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100353 


Commercial Version (Continueq) 


PCC and Cerpack AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 
T 

425 

1.4 


Transition Time 


20% to 80%, 80% to 20% 4° 


Setup Time 
Dn 1.00 
CEN (Disable Time) 0.30 
CEN (Release Time) 1.00 


Hold Time P| o | 


Pulse Width HIGH P 


ce [200 [a0 —*[ ao idm 


c= 0° 


0 2 


i 


Cc 


.80 
90 





Conditions 


To = +25C | To = +85°C 

Min Max | Min Max _ 
Figures 2,9 
140 2.8 1.50 2.90 ns | 
45 1.9 0.45 1.90 ns | 


Figures 1,3 


x 
0 (Note 2) 


Figures 1, 3 


jos 190 | 04s 120 | 


1.00 
0.30 
1.00 


1.00 
0.30 
1.00 


Figures 1, 4 


Figures 1, 5 
Figures 1, 3 


PCC Only 
(Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Military Version—Preliminary 
DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


|__Parameter__ | Min | Max | units | Tc | Conditions, 


Output HIGH Voltage 


Output LOW Voltage | _ 1830 


— 1620 mV 


0°C to 
+125°C 
Vin = Vin (Max) 
or ViL (Min) 


Loading with 


0°C to 500 to —2.0V 


+ 125°C 


Output HIGH Voltage 


0°C to 
+ 125°C 
C | Vin = Vin (Min) 
or Vi, (Max) 


—55°C to | Guaranteed HIGH Signal for all Inputs 
+ 125°C 
—55°C to | Guaranteed LOW Signal for all Inputs 


+125°C 
Vee = —4.2V 


—55°C to 
+125°C | Vin = Vit (Min) 


Loading with 
500 to —2.0V 
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Military Version—Preliminary (Continued) 


DC Electrical Characteristics (continued) 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


| Parameter | Min | Max | units tc | Conditions, 


Input HIGH Current 240 A 0°C to a 
B +125°C VEE = —5.7V 
Vin = Vin (Max) 


|| 40 | wa | ~55°0 | 


Power Supply Current 55°C to Inputs Open 
—125 mA + 125°C Vee = —4.2V to —4.8V 
—130 Veg = —4.2V to —5.7V 


Note 1; F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start’ specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at —55°C, + 25°C, and +125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at ~55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoH/VoL. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


| Toggle Frequency ele ene! | MHz | Figures 2, 3 | 3 


CP to Output Figures 1,3 
Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
Dn 0.60 0.60 0.60 
CEN (Disable Time) 0.90 0.70 0.90 Figures 1, 4 
CEN (Release Time) 1.40 1.40 2.10 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


| Toggle Frequency Frequency Se Figures 2, 3 


Propagation Delay 
CP to Output Figures 1, 3 


Transition Time 0.45 
20% to 80%, 80% to 20% 


Setup Time 
Dp 1.30 1.30 : 
CEN (Disable Time) 0.60 0.60 : Figures 1, 4 
CEN (Release ne 1.30 1.30 : 


Hold Time Figures 1, 5 
Pules Wath IG CP Figures 1, 3 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals — 55°C), then testing 
immediately after power-up. This provides “‘cold start” specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 

Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C, temperatures, Subgroups A10 and 
Alt. 

Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


€SE001 
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Test Circuitry 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


Notes: FIGURE 1. AC Test Circuit 
Veo: Veca = +2V, Vee = —2.5V 

L1 and L2 = equal length 50 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 uF from GND to Voc and Veg 

All unused outputs are loaded with 50 to GND 

CL = Fixture and stray capacitance < 3 pF 


CIRCUIT 
PULSE UNDER 
GENERATOR TEST 


0.1 uF <=> 


“e 


Notes: FIGURE 2. Toggle Frequency Test Circuit 


Voc: Veca = +2V, Vee = —2.5V 

L1 and L2 = equal length 509 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Vcc and Vee 
All unused outputs are loaded with 509 to GND 
CL = Jig and stray capacitance < 3 pF 


Switching Waveforms 


0.720.1 ns 


OUTPUT 


FIGURE 3. Propagation Delay (Clock) and Transition Times 


2-110 


TL/F/9882-6 


TL/F/9882-7 


TL/F/9882-8 





Switching Waveforms (Continued) 


0.7 ns 


t, (disable) 


TL/F/9882-9 
FIGURE 4. Setup and Pulse Width Times 


#1.05V 
#0.31V 


#1.05V 


CLOCK 
#0.31V 


FIGURE 5, Data Setup and Hold Time 
Note 1: t, is the minimum time before the transition of the clock that information must be present at the data input. 
Note 2: t, is the minimum time after the transition of the clock that information must remain unchanged at the data input. 


TL/F/9882-10 
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National 
Semiconductor 


F100354 





Low Power 8-Bit Register with Cut-Off Drivers 


General Description 

The F100354 contains eight D-Type edge triggered, mas- 
ter/slave flip-flops with individual inputs (D,), true outputs 
(Q,), a clock input (CP), an output enable pin (OEN), and a 
common clock enable pin (CEN). Data enters the master 
when CP is LOW and transfers to the slave when CP goes 
HIGH. When the CEN input goes HIGH it overrides all other 
inputs, disables the clock, and the Q outputs maintain the 
last state. 

A Q output follows its D input when the OEN pin is LOW. A 
HIGH on OEN holds the outputs in a cut-off state. The cut- 
off state is designed to be more negative than a normal ECL 
LOW level. This allows the output emitter-followers to turn 
off when the termination supply is —2.0V, presenting a high 


Ordering Code: see Sections 


Logic Symbol 


Dp Dy Dy Dz Dy Dg Dg D7 


Qy Q; Q O3 0, O5 Og 7 


TL/F/10610~1 


Connection Diagrams 


24-Pin DIP 


Dp CEN cp Vee VecaQ% 


oon Donk WD — 


~_— so 
nv = © 


TL/F/10610-2 


24-Pin Quad Cerpak 


7 8 9 10 11 12 


D7 OEN Voc VecaVecaQ7 


impedance to the data bus. This high impedance reduces 
termination power and prevents loss of low state noise mar- 
gin when several loads share the bus. 

The F100354 outputs are designed to drive a doubly termi- 
nated 502 transmission line (259 load impedance). All in- 
puts have 50 kQ pull-down resistors. 


Features 

a Cut-off drivers 

Drives 250 load 

@ Low power operation 
t# 2000V ESD protection 


mm Voltage compensated operating range = —4.2V to 


—~5.7V 


Data Inputs 

Clock Enable Input 
Clock Input 

(Active Rising Edge) 
Output Enable Input 
Data Outputs 


28-Pin PCC 


Q) Q) Q3 Vers Q4 Os O6 
HOMO 
f | 


24 23 22 21 20 19 of bd bel bl bed | 








2 88.8.8, 

fr3] (20) 2) 22) 23) 24 BS) 

Dy Dz DsVers D4 Ds Dg 
TL/F/10610-4 


TL/F/10610-3 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Military ~55°C to + 125°C 


Storage Vemperatte (Tsta) —65°C to + 150°C Supply Voltage (Veg) 
Maximum Junction Temperature (Ty) Commercial —5.7V to —4.2V 


Ceramic +175°C Military —5,7V to —4.2V 
Plastic + 150°C 


Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Vee to +0.5V 
Output Current (DC Output HIGH) —100 mA 
ESD (Note 2) > 2000V 


pSEo0ol 


Case Temperature (Tc) 
Commercial 0°C to + 85°C 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


Symbol | ___ Parameter | Min. | Typ _| Conditions 
| = 1025 | 


Typ 
Vad Output HIGH Voltage | —1025 | -955 | ay. | Vin=Vin vax Loading with 
Wor Output LOW Voltage | —1830 | —1705 or Vit (Min) 252 to —2.0V 
Veuic OutputHIGH Voltage | -1095 | y | Min = Vin ing Loading with 
Vote Output LOW Voltage hes Meas al or Vit (Max) 250 to —2.0V 


VoLz Cutoff LOW Voltage mV | Vin = Vin (Min) OEN = HIGH 
or Vit (Max) 


Vin Input HIGH Voltage Guaranteed HIGH Signal 
for All Inputs 


Input LOW Voltage — 1830 —1475 a Guaranteed LOW Signal 
for All Inputs 


input LOwCurrent | 0.60 | | | nA | Vin = Vivi 
Input HIGH Current | || 240 | nA | Vin = Vin ax 


Power Supply Current Inputs Open 
~202 —105 eas Vee = —4.2V to —4.8V 
—209 —105 Vee = —4.2V to —5.7V 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these . 
conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 


immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘‘worst case” conditions. 


V 
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Commercial Version (Continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


So = +25 | To= +85°C 
| ToggleFrequency | 250 | 250 | 8 


Propagation Delay 
CP to Output 


Conditions 


Figures 1 and 4 


Figures 1 and 4 
(Note 1) 


Figures 3 and 7 
(Note 1) 


Propagation Delay 4.20 1.60 4.20 1.60 
OEN to Output 1 00 2.70 1.00 2.70 1.00 


Transition ibs ; 


Setup Time 
Dn 
CEN (Disable Time) 
CEN (Release Time) 


Hold Time 

Dn 0.10 Figures 1 and 6 
Pulse Width High 

CP Figures 1 and 4 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Figures 2 and 5 





PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


fax Toggle | Toggle Frequency | ns Figures 1 and 4 

teLH Propagation Delay Figures 1 and 4 

tpHL CP to Output (Note 2) 

tpzH Propagation Delay : 4.00 1.60 4.00 1.60 4.00 Figures 3 and 7 
(Note 2) 

Bi: | Transiien:Tims 045 190 | 045 190 | 045 1.90 Figures 1 and 4 

fun 20% to 80%, 80% to20% | 9 


tpHz GEN to Output : 2.50 1.00 2.50 1.00 2.50 
ts Setup Time 


Dn 


CEN (Disable Time) 
CEN (Release Time) 


th Hold Time 
Dn Figures 1 and 6 


Figures 2 and 5 





tow(H) | Pulse Width High 


CP Pee Poa ee Figures 1 and 4 


i366 | Skew, Gate to Gate | 8D | TBD | ps_| POCOnly (Note) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Military Version—Preliminary 


pSEo0ol 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voeca = GND, To = —55°C to + 125°C 


| Parameter | _min_| Max | units] to | Gonations | 
Output HIGH Voltage 

Vin = VIH (Max) | Loading with 
Output LOW Voltage Pie. ||P eie 
Output HIGH Voltage }—1035| | mv | orcto+125°C. | 

|=1085] | mv | 85°C | Vin = Vin atin) | Loading with 
Output LOW Voltage Se ee eee a 

=55C 
Cutoff LOW Voltage Ee Vin = Vin (Min) 
| — 1850 | or Vit (Max) 


Input HIGH Voltage ~1165 | —870 55°C to +125°C Guaranteed HIGH Signal 
for All Inputs 

Input LOW Voltage —1830 | —1475 —55°C to +125°C Guaranteed LOW Signal 
for All Inputs 

Input LOW Current } oso | ee rrr ne oe 
Vin = VIL (Min) 


Input HIGH Current a o°Cto +125°C | Vez = -5.7V 





Power Supply ——+— 55°C to Inputs Open 
—215 —85 +.425°C Vee = —4.2V to —4.8V 
—225 —85 Vee = —4.2V to —5.7V 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at -55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL. 
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Military Version—Preliminary (Continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


| Toggle Frequency | ese Figures 1 and 4 
Propagation Delay 1.20 1.60 4.20 1.40 4.30 ; 
OEN to Output 0.70 0.70 280 | 0.70 3.20 gues sane 7 tener 
Transition se 
Setup Time 

Dn : : . 

CEN (Disable Time) : : ‘ Figures 2and § 

CEN (Release Time) ; 3 . 


Hold Time 

Dn Figures 1 and 6 
Pulse Width HIGH 

CP 2.4 2.4 2.4 Figures 1 and 4 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


[Toggle Frequency | _200 | 250 | 200 Me | Figures 1 and 4 


Propagation Delay : 
CP to Output 0.9 3.70 Figures 1 and 4 | 1,2,3,5 


Propagation Delay 1.20 5.0 1.60 4.20 1.40 4.30 ae 
OEN to Output 0.70 30 | 0.70 280 eget 70 3.20 acon SSP ENGL) sey on2 


Transition Time 
20% to 80%, 80% to 20% 0.40 2.50 0.40 2.40 | ns | owes vena 7and 4 


Setup Time 
Dn : F 
CEN (Disable Time) . : Figures 2 and 5 
CEN (Release Time) F 4 
Hold Time 
Dn Figures 1 and 6 
Pulse Width HIGH 
CP Figures 1 and 4 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
Alt. 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Test Circuitry 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


CIRCUIT 
UNDER 
TEST Vt 


Ot uF ot 


TL/F/10610-5 


FIGURE 1. Toggle Frequency Test Circuit 


TL/F/10610-6 
FIGURE 2. AC Test Circuit 


TL/F/10610-7 
FIGURE 3. AC Test Circuit 
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Notes: 

Voc: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 50 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 pF from GND to Vcc and Vee 
All unused outputs are loaded with 509 to GND 
C. = Fixture and stray capacitance < 3 pF 


Notes: 

Voc: Veca = +2V, Veg = —2.5V 

L1 and L2 = equal length 502 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 wF from GND to Voc and Veg 
All unused outputs are loaded with 502 to GND 
C, = Fixture and stray capacitance < 3 pF 


Notes: 

Voo: VocA = +2V, Veg = —2.5V 

L1 and L2 = equal length 500 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 »F from GND to Vcc and Vee 
All unused outputs are loaded with 509 to GND 
C, = Fixture and stray capacitance < 3 pF 
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Switching Waveforms 


DATA 


OUTPUT 


TL/F/10610-8 
FIGURE 4. Propagation Delay (Clock) and Transition Times 


0.7 ns 0.7 ns 


t, (release) 


TL/F/10610-9 
FIGURE 5. Setup and Pulse Width Times 


+#1.05V 
#0.31V 


+1,05V 
CLOCK 
40.31V 


FIGURE 6. Data Setup and Hold Time 


TL/F/10610-10 


Notes: 
t, is the minimum time before the transition of the clock that information must be present at the data input. 
t, is the minimum time after the transition of the clock that information must remain unchanged at the data input. 


OEN 


OUTPUT 
I 1 i} 
I I I 
a 
teyz tezy 
TL/F/10610-11 


FIGURE 7. Cutoff Times 
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National 
Semiconductor 


F100355 
Low Power Quad Multiplexer/Latch 


General Description 


The F100355 contains four transparent latches, each of 
which can accept and store data from two sources. When 
both Enable (E,) inputs are LOW, the data that appears at 
an output is controlled by the Select (S,) inputs, as shown in 
the Operating Mode table. In addition to routing data from 
either Dg or Dy, the Select inputs can force the outputs 
LOW for the case where the latch is transparent (both En- 
ables are LOW) and can steer a HIGH signal from either Do 
or D; to an output. The Select inputs can be tied together 
for applications requiring only that data be steered from ei- 
ther Do or D;. A positive-going signal on either Enable input 


Ordering Code: see Sections 


Logic Symbol 


TL/F/10147—1 


Connection Diagrams 


24-Pin DIP 


1 
2 
3 
4 
5 
6 
7 
8 
9 


5p 
S, 
Vee 
Vees 
MR 
z, 
, 


=-_ oo 
n =— oO 


28-Pin PCC 


Dip Oop Dye Vers Pon Gq Om 


HOMES) 
Paaaae sf 


CAF 


latches the outputs. A HIGH signal on the Master Reset 
(MR) input overrides all the other inputs and forces the Q 
outputs LOW. All inputs have 50 kN pulldown resistors. 


Features 

m Greater than 40% power reduction of the F100155 

@ 2000V ESD protection 

w Pin/function compatible with F100155 

mw Voltage compensated operating range = —4.2V to 
—5.7V 


|_PinNames | Description 


Enable Inputs (Active LOW) 
Select Inputs 

Master Reset 

Data Inputs 

Data Outputs 

Complementary Data Outputs 


24-Pin Quad Cerpak 
E, Ey MR Ve¢ Sy So 


24 23 22 21 20 19 


7 8 9 10 11 12 


G % VeeVeca, O 
TL/F/10147-3 


Dog Dye Dog Vers Dig Ay Oy 


TL/F/10147-2 


TL/F/10147~4 
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100355 


Logic Diagram 
MR E2E, Dig Dog 


\/ 


Operating Mode Table 


Latched* 
Latched* 


Dox 
Dox + Dix 


*Stores data present before E went HIGH 
H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 
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Truth Table 


H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


rmHroerel|lroerex« 


se ee ee 0 ee 


x I Te 


Trmrej~ tix 


ae ee ee ee ee ee Se 


x x 


xrmlxK DK xk [xr x 


ad 


<xx< Or {yoK KO [tl kK KK 


TL/F/10147-5 


2 or fe ae 


pam peace ae 


H L 
Latched* 
Latched* 





Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Military ~55°C to + 125°C 


storage Pempertre (Tstg) —65°C to + 150°C Supply Voltage (Veg) 
Maximum Junction Temperature (Ty) Commercial —5.7V to —4.2V 


Ceramic + 175°C Military —5.7V to —4.2V 
Plastic + 150°C 


Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Veg to + 0.5V 
Output Current (DC Output HIGH) —50mA 
ESD (Note 2) >= 2000V 


SSE00! 


Case Temperature (Tc) 
Commercial O°C to + 85°C 


Commercial Version 


DC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Conditions 


| mv | Vin = VIH (Max) Loading with 
Vou Output LOW Voltage -1830 | -1705 | -1620 | mv | ViLiMin) 502 to ~2,0V 
lel cal La a Fees Ua Vin = Vili) | Loading with 


VIH Input HIGH Voltage —1465 870 Guaranteed HIGH Signal 
for ALL Inputs 
‘Input LOW Voltage = _ 


Guaranteed LOW Signal 
InputLow Current | oso | | | A | Vin = Vicon 


Input HIGH Current 
So, S4 220 
E,,E 350 i 
OneDy ‘ 340 Vin = VIH (Max) 
430 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case"’ value for the parameter. Since these ‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are 
chosen to guarantee operation under “worst case” conditions. 
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100355 


Commercial Version (continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND 


side Sananiens 


Propagation Delay 

Dna-Dng to Output 

(Transparent Mode) 

Propagation Delay : 

So, $1 to Output 100 260] 100 260 | 1.20 270 Figure ane 
(Transparent Mode) 

Propagation Delay 

E,, Eo to Output 0.80 2.00 0.80 2.00 0.80 2.10 

Propagation Delay : 

MR to Output 0.80 2.30 0.80 2.30 0.80 2.30 Figures 7 and 3 
Transition Time : 

20% to 80%, 80% to 20% 0.60 1.40 0.60 1.40 0.60 1.40 jms | Figures 1 and 2 


Setup Time 
Dna-Dna 0.90 0.90 0.90 Figure 4 
So, $1 1.70 1.70 1.70 
MR (Release Time) 1.50 1.50 1.50 Figure 3 


Hold Time 
Dna- Dng . 0.40 0.40 Figure 4 
So, $4 : 0.00 0.00 


tow (L) Pulse Width LOW Ej, Ep Figure 2 
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Commercial Version (Continued) 
PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


sini — ate +25 == =|" eecciiens 


Propagation Delay 

(Transparent Mode) 

Propagation Delay 

So, S4 to Output 100 240] 1.00 240 | 1.20 250 Figgiee Tend 
(Transparent Mode) 

Propagation Delay 

Ey, Eo to Output 0.80 1.80 0.80 1.80 0.80 1.90 





Propagation Delay 
MR to Output Figures 1 and 3 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
Dna-Ond 
So, Si 
MR (Release Time) 


0.6 3 0.6 3 0.6' 3 Figures 7 and 2 


Figure 4 


Figure 3 


Hold Time 
Dna- Dnd 


So. $1 Figure 4 


tow (L) Pulse Width LOW Ej, Eo . Figure 2 


tow (H) 


Pulse Width HIGH MR : Figure 3 


tsG-G Skew Gate to Gate PCC Only 
(Note 1) 


Note 1: Gate to gate skew is defined as the difference in the propagation delays between each of the outputs. 
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Military Version — Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


[Parameter | Min | Max [Units] Tc [Conditions _—_—_—*| 
Vin = Vin(Maxn | Loading with 
Output HIGH Voltage | 1035 |_| mv_| OrCto + 125°C 
p=1085 | | mv |= 88°C | Vin= Vin min) Loading with 
OuiputlOwVotage |__| 1610| mv | OGto tia |FVLMey | $0to ~20V 
ice er cm 


Input HIGH Voltage os i — 55°C to Guaranteed HIGH Signal 
Input LOW Voltage x me —55°C bs Guaranteed LOW Signal 
Input LOW Current A — 585°C to Vee = —4.2V 

be + 125°C Vin = Vit (Min 


Input HIGH Current 
So, S1 
Ey, Ep pA | O°Cto +125°C 
a Vee = —5.7V 
Vin = VIH (Max) 
oe | 





Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C Temp., Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table 1) on each Mfg. lot at + 25°, + 125°C, and —55°C Temp., Subgroups 1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL. 
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Military Version — Preliminary (Continuea) 


SSe00l 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 

Dna-Dng to Output 

(Transparent Mode) 

Propagation Delay 

So, Sy to Output 0.60 3.00 | 080 270 | 0.80 3.20 Palisa 
(Transparent Mode) 

ni epoeavon Deley 0.50 2.60 0.60 2.30 0.70 2.70 

Ey, Es to Output : : : . . . 

Propagation Delay 

MR to Output 0.60 2.80 0.70 2.60 0.70 2.90 Figures 1 and 3 
Transition Time 

20% to 80%, 80% to 20% 0.40 1.90 0.40 1.90 0.40 1.90 js Figures 1 and 2 


Setup Time 
Dna- Dna : ; 0.90 Figure 4 
So, $4 : : 2.40 


MR (Release Time) : 1.50 | Figures —_| 3 


Hold Time 
Dna-DOnd ; 0.40 Figure 4 
So, Sy 0.00 


Pulse Width LOW Es, Ez en ro 


Cerpak AC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = Voca = GND 


EY To = +1250 ef 


Propagation Delay 
Dna~-Dng to Output 
(Transparent Mode) 





Propagation Delay : 

~ 2 
Sp, $1 to Output 0.60 300 | 080 270 | 080 3.20 as 
(Transparent Mode) 

Propagation Delay | 
E;, Es to Output 0.50 2.60 0.60 2.30 0.70 2.70 
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100355 


Military Version — Preliminary (Continued) 


Cerpak AC Electrical Characteristics 


Veg = —4.2V to —5.7V, Voc = Voca = GND 


Parameter cae = 55°C ras = +25°C | To = +125°C Hea 1286 te 


Propagation Delay 

3 
MR to Output 2.90 Figures 1 and 
ee 0.40 1.90 0.40 1.90 0.40 1.90 Figures 1 and 2 
20% to 80%, 80% to 20% , . : : , : 9! 


Setup Time 


Dia-Drd 0.90 
So, $4 2.40 
MR (Release Time) 1.50 


Hold Time 
Dna-Dna 0.40 
So, Sy 0.00 


0.90 0.90 
2.40 2.40 
1.50 1.50 
0.40 
0.00 


| Figure3 | 3 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 


considered a worst case condition at cold temperatures, 


Note 2: Screen tested 100% on each device at + 25°C, Temperature only, Subgroup A9. 
Note 3: Sample tested (Method 5005, Table 1) on each Mfg. lot at + 25°, Subgroup AQ, and at + 125°C, and —55°C Temp., Subgroups A10 & A111. 
Note 4: Not tested at +25°C, + 125°C and —55°C Temperature (design characterization data). 


Test Circuit 


24 23 22 21 20 19 
18 


17 


16 

15 PULSE 
GENERATOR 

14 


13 


7 8 9 10 11 12 


Notes: 

Voc, Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 502 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 pF from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

C, = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


FIGURE 1. AC Test Circuit 
(Using Quad Cerpak) 
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TL/F/10147-6 





Switching Waveforms 


SSE00L 


_ 0.7+0.1 ns 


’ lontehentetetentotetentontedtn \ 


— eH + 0.31 V 
tpw_-————_—____———_> 
+ 1.05 V 


ENABLE TRANSPARENT LATCHED TRANSPARENT 


teHL ag (PHL 
tery tpLH 


Se oe ee ee ey FN ete t tote Y 


4 80% 
OUTPUT 50% 


20% 


We ee cee cee cee eee ee cae ee ee es es ee Ne a ee cae ne net me me 


trou, tTLH <— 


TL/F/10147-7 
FIGURE 2. Enable Timing 


RESET TIMING 


Peewee ee eee eee 


ae ee ee ee ee rw ee on ee oe oe we oe ee ee 


ENABLE TRANSPARENT LATCHED TRANSPARENT 
ts (RELEASE TIME) 


RESETISET 


OUTPUT 
/ 


om ee vow om a ome of Na ce ce ee cee wee ee ee 


TL/F/10147-8 
FIGURE 3. Reset Timing 


+ 1.05 V 


estael 


Notes: 


t, is the minimum time before the transition of the enable that information 
must be present at the data input. 


th is the minimum time after the transition of the enable that information must 


a ead remain unchanged at the data input. 
ae ts 


50% 


50% 


+0.31V 
TL/F/10147-9 
FIGURE 4. Data Setup and Hold Times 
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National 
Semiconductor 


F 100360 


Low Power Dual Parity Checker/Generator 


General Description 


The F100360 is a dual parity checker/generator. Each half 
has nine inputs; the output is HIGH when an even number of 
inputs are HIGH. One of the nine inputs (lg or Ip) has the 
shorter through-put delay and is therefore preferred as the 
expansion input for generating parity for 16 or more bits. 


The F100360 also has a Compare (C) output which allows 
the circuit to compare two 8-bit words. The C output is LOW 
when the two words match, bit for bit. All inputs have 50 kN. 
pulldown resistors. 


Ordering Code: see sections 


Logic Symbol 


Ia loa Ita Iza Iga S4a Isa lea la lob bib lab lab fap Is5b len Ib Ib 


Za C 2p 


TL/F/10611~1 


Connection Diagrams 
24-Pin DIP 


oan onrrrkr wnhi — 


=- = = 
no —- Oo 


TL/F/10611-2 


28-Pin PCC 


U] 
£4 23) 
I5p 4p 'SbVees eb '7b Ib 


Features 

mw Lower power than F100160 

m 2000V ESD protection 

m Pin/function compatible with F100160 

m Voltage compensated operating range = 
—5.7V 

m Min to Max propagation delay 35% tighter than 
F100160 


—4.2V to 


[Finnanes | Deverpton 


las Ibs Inay Inb 
Za, 2b 
C 


Data Inputs 
Parity Odd Outputs 
Compare Output 


24-Pin Quad Cerpak 
lab Nb lob Vee "7a 'éa 


24 23 22 21 20 19 


8 9 10 11 12 








C VecVeca Za a 


TL/F/10611-4 TL/F/10611-3 
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Logic Diagram 


Ib "7b Seb Isp lap I3p ab Ib fob las Iza lea tsa laa I3a laa bia loa 


U ae A 


|} Oy 


TL/F/10611-5 


Truth Table ach nait) 


Comparator Function 
C = (log ® Iya) + (I2q © Iga) + (I4a © I5a) + (lea ® Iza) + (lob ® Itb) + (lab @ Igb) + (lab ® I5b) + (lob © 175) 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, 


please contact the National Semiconductor Sales Case: Temperatiwe: (Tc) 


Office/Distributors for availability and specifications. te x eee o ee 

Storage Temperature (Tstq) —65°C to + 150°C Supply Voltage (Vee) 

Maximum Junction Temperature (Ty) Commercial —5.7V to —4.2V 
Ceramic + 175°C Military —5.7V to —4.2V 
Plastic + 150°C 

Vee Pin Potential to Ground Pin —7.0V to +0.5V 

Input Voltage (DC) Veg to + 0.5V 

Output Current (DC Output HIGH) —50 mA 

ESD (Note 2) 2 2000V 


‘Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note ce 


Symbol a grnameer | tie Tue tae Conditions 

Vou cep Vin = Vin (Max) | Loading with 
Vou ras | -1620 | or VIL (Min) 502 to —2.0V 
Voc | OutputHIGH Voltage | -1035 | | |" Vin = Vin (Min) | Loading with 
Voro | Outputtowvottage [| || 610 _ | oie pee 


mV 
ViH Input HIGH Voltage 1165 870 mV Guaranteed HIGH Signal 
for All Inputs 
VIL Input LOW Voltage —1830 1475 Guaranteed LOW Signal 
for All Inputs 


tie | input LOW Current —_| LOW Current Vin = Vit (Min) 


Te Input HIGH Current 
lao Vin = Vin (Max) 
Ina Inb 


lee oe pee eet Inputs Open 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘worst case” conditions. 
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Commercial Version (continued) 


O9E€00! 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = Voca = GND 


Parameter Te = +25°C To = +85°C cS Conditions 


Propagation Delay 410 275 | 140 2.75 4.10 275 

Ina: Inb to Za: 2b 

Propagation Delay 

he hatot 110 280 | 1.10 280 | 140 280 re 
Propagation Delay 0.50 120 | 060 «+130 | 060 1.30 

la, Ib to Za: Zp 


Transition Time 
20% to 80%, 80% to 20% 


PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
Ina: Inb to Za 2b 


Propagation Delay 


Ina» Inb to Figures 1 & 2 


Propagation Delay 
las lb to Za, 2b 


Transition Time 
20% to 80%, 80% to 20% 


Skew, Gate to Gate PCC only 
Note 1 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
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Military Version — Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to + 125°C 


Symbol | __Parameter_| win | Max | Unite To [Conditions _—_—| 


Output HIGH Voltage | _ = 0°C to 


| -1085 | -870 | mv | -55C | Viv = Vin (Max) | Loading with 


° or Vit. (Min) 502 to —2.0V 
Output LOW Voltage 1830 | —1620 ea 0°C to 


+ 125°C 
—1830 | —1555 


Output HIGH Voltage | _ 1536 me 


— 1085 mV —55°C Vin = Vin (Min) Loading with 


Output LOW Voltage Octo | oO Vit (Max) 502 to —2.0V 
PIBIC | WV A cect 


—55°C 


0°C to 
+ 125°C 


-1 | —1555 | —55°C 


1168 pe han errr Mee 2.0 
er a 
ere Tow [Toe a 
+ 125°C In = Vit (Min 
Input HIGH Current : 
ef | se [oom | 28m | eee an 
SE] 8 Tm [ae | 


Power Supply Current poo to | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, and +125°C, Subgroups Ai, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL. 
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Military Version — Preliminary (continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter as = ~ 55°C ae aad = +25C | To = + 125°C es 288 une 


Propagation Delay 
Inas Inb to Za Zp 
Propagation Delay 1.00 3.00 | 1.00 3.00 | 1.00 3.00 
Ina: Inb to C : ; . . ; ; Figures 1&2 
Propagation Delay 
la ly to Za, Zh 0.40 1.40 
Transition Time 


Cerpak AC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
Inas Inb to Za, Zp 1.00 2.95 
oe Delay 1.00 3.00 | 1.00 3.00 | 1.00 3.00 } ne | 
— Figures 1&2 
Propagation Delay 
las Ip to Zag, Zp 0.40 1.40 
Transition Time 
a ed Rd 


















1,2,3 








1,2,3 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
Immediately after power-up. This provides "cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup Ag. 
Note 3: Sample tested (Method 5005, Table !) on each mfg. lot at + 25°C, Subgroup A9, and at + 125°C and —55°C temperatures, Subgroups A10 and A11. 


Note 4: Not tested at +25°C, + 125°C, and —55°C temperature (design characterization data). 
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100360 


Test Circuitry 


PULSE 
GENERATOR 


24 23 22 21 


TL/F/10611-6 
FIGURE 1. AC Test Circuit 


Notes: 

Veo, Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 500 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 wF from GND to Voc and Vee 

All unused outputs are loaded with 502 to GND 

C. = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


0.7+0.1 ns ean 0.7+0.1 ns 
+ 1.05 V 


Switching Waveforms 





OUTPUT 


COMPLEMENT 


mu es tTHL 


FIGURE 2. Propagation Delay and Transition Times 


TL/F/10611-7 
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Semiconductor 


F100363 — 
Low Power Dual 8-Input Multiplexer. 


General Description 


The F100163 is a dual 8-input multiplexer. The Data Select 
(S,) inputs determine which bit (A, and B,) will be present- 
ed at the outputs (Zg and Zp respectively). The same bit 
(0-7) will be selected for both the Zy and Z, output. All 
inputs have 50 kN pulldown resistors. 


Ordering Code: see Sections 


Logic Symbol 


Benen eat rane Bs B, Bs Be Bz 


TL/F/10612-1 


Connection Diagrams 


€9E00! 


Features 

m 50% power reduction of the F100163 

m 2000V ESD protection 

m Pin/function compatible with F100163 

m@ Voltage compensated operating range = -—4.2V to 
—5.7V 

@ Tighter min to max propagation delay than F100163 


Description 


Data Select Inputs 
A Data Inputs 
B Data Inputs 
Data Outputs 


24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 
Ag As AgVees Az Az Ay 87 S2 Sy Vee So Az 


oon mM hk WwW DS = 


= = = 
yn =—- oO 


TL/F/10612-2 


1) 69) @) 2) @ (2) I 
onane se 


LA) a8.8 
fT 29 @ &4 £3 
Bg Bs BgVers Bs Bz By TL/F/10612-3 





24 23 22 21 20 19 


7 8 9 10 11 12 


Bo 2b Voc Yeca Za Ad 


TL/F/10612-4 
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Logic Diagram 


Bo By Bp 


Benet e eer 


Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
Blank = X = Don't Care 


2-136 


“TLIF/10612-5 











Absolute Maximum Ratings 





Recommended Operating 


Above which the useful life may be impared (Note 1) Conditions 

Lae ee ee ET | Gas tommatiate eae 

Office/Distributors for availability and specifications. Military —~55°C to + 125°C 

Storage Temperature (Tsta) —65°C to + 150°C Supply Voltage (Vee) 

Maximum Junction Temperature (Ty) Commercial —5.7V to —4.2V 
Ceramic +175°C Military ~—5.7V to —4.2V 
Plastic + 150°C 

Vee Pin Potential to Ground Pin —7.0V to +0.5V 

Input Voltage (DC) Veg to + 0.5V 

Output Current (DC Output HIGH) —50mA 

ESD (Note 2) = 2000V 

Commercial Version 

DC Electrical Characteristics 

Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 

Symbol | ___Parameter__|_ min | typ | Max | Units | Conditions 

Vor Vin = Vin (Max) | Loading wit 

Vou oe pert 

Vouc | OutputHiGH voltage | -1035 [|| mv Vin = Vin (Min) Loading with 

Vous | OutputLowvottage | |_| — 1610 ia aime 

Vin | inputHiGHVoltage | —1165 | | —a70 | mv | Guaranteed HIGH Signal for All Inputs 

Vit | inputLow Voltage | —ts90 | | 1475 | mv | Guaranteed LOW Signal for All Inputs 

in| InputLowcurrent | oso | | Twa | Viv = Vu Min 

hig Input HIGH Current Sf fame fa Vin = Vi (Max) 

An 4 a BA 
lec___|_PowerSupplyCurrent | -80 | {| -40 | _mA_| Inputs Open 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under ‘worst case” conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 


Veg = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
Ao-A7, Bo-B7 to Output 


Propagation Delay . 
So-S2 to Output 


Transition Time 
20% to 80%, 80% to 20% 








| Paamater [Te 06 | Toa 256 | Toa 8S) uty 
_ Min Max | win Max | Min Max_| 

0.70 1.65 0.80 1.70 0.80 1.80 | ns | 
1.30 2.60 1.40 2.70 1.40 2.70 as | 
0.45 1.30 0.45 1.30 0.45 1.30 jas | 
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Conditions 






Figures 7 and 2 
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Commercial Version (continued) 


PCC and Cerpak AC Electrical Characteristics 


Veg = —4.2V to —5.7V, Vcc = Voca = GND 


Parameter Toe = +25°C Tc = +85°C 


Propagation Delay 
9-A7, Bo-B to Output Q 0.80 1.70 | 0.80 1.80 
ies rlert 1.40 2.70 1.40 2.70 ne | Figures 1 and 2 
045 1.30 | 0.45 1.30 ne 
| wo | wo] ee | 


Conditions 


.70 1.65 
So-Se to Output 1.30 2.60 
Transition Time 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 


PCC Only 
(Note 1) 


Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


| Parameter | Min | Max | units| Tc | Conalitions_— 


Output HIGH Voltage | _ - 0°C to 


| 1085 | -870 | mv | -58c | Vin = Vin (Max) Loading with 


Output LOW Voltage digo lt | ee or Vit (Min) 502 to —2.0V 
+ 125°C 


|= 1890 | -1555 | mv | -s5°C | 


Output HIGH Voltage | _ 0°C to 
fm | Sa 


| -1085| | _mv_| —55°C_| Vin = Vin (Min) Leading with 


Output LOW Voltage Sagig: | aay Octo | oF Vit (Max) 509 to —2.0V 
+125°C 


| | = 1555 | mv | -s55°C | 


Input HIGH Voltage —§5°C to | Guaranteed HIGH Signal for All Inputs 
—870 mV . 
+ 125°C 
Input LOW Voltage —55°C to | Guaranteed LOW Signal for All Inputs 
—1475 | mV 
+125°C 
Input LOW Current A —55°Cto | Veg = —4.2V 
B +125°C | Vin = Vit (Min) 


Input HIGH Current 
Sn 265 ‘| O°Cto 
pA 
An Bn 340 +125°C | Veg = —5.7V 
Sp 385 ie lt aes Vin = Vin (Max) 
An Bn 490 B 
Power Supply Current _ —55°C to | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vox/VoL. 
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€9E00L 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 0.50 240 | 060 2.30 | 0.70 


Ag—A7, Bo—B7 to Output 


Propagation Delay 
So-So2 to Output 


Transition Time 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Symbol Parameter 


Propagation Delay 
Ao-A7, Bo-B7 to Output 


Propagation Delay 
So-So2 to Output 


Transition Time 

20% to 80%, 80% to 20% 
Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals — 55°C), then testing 
immediately after power-up. This provides ‘“‘cold start’ specs which can be considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and — 55°C, temperatures, Subgroups A10 and 
A111. 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 


Test Circuitry 


SCOPE 
CHAN B 


Notes: a TL/F/10612-6 
Veo: Voca = +2V, Vee = —2.5V FIGURE 1. AC Test Circult 

L1 and L2 = equal length 5029 impedance lines 

Rr = 50N terminator internal to scope 

Decoupling 0.1 F from GND to Vcc and Veg 

All unused outputs are loaded with 502 to GND 

Cy = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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Switching Waveforms 


0.7 + 0.1 ns 


OUTPUT 


FIGURE 2. Propagation Delay and Transition Times 
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National ADVANCE INFORMATION 
Semiconductor 


F 100364 
Low Power 16-Bit Multiplexer 


General Description Features 


The F100364 is a 16-input multiplexer. Data paths are con- ™ 35% power reduction of the F100164 

trolled by four Select lines (Sg~S3). Their decoding is shown ™ 2000V ESD protection 

in the truth table. Output data polarity is the same as the  m Pin/function compatible with F100164 

seleted input data. All inputs have 50 kf. pulldown resistors. Voltage compensated operating range 
= —4,2V to —5.7V 


Logic Symbol 


Description — 
b) In to tg la Is Je ty Ig Ig bya Ig4 tye Iya Iya Is | __PinNames _—{_—Description —_—i 


Data Inputs 
Select Inputs 
Data Output 


TL/F/10265-1 


Connection Diagrams 


24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 
Was hoes tia lio ty S3 Sz Sy Ver So his 
tafcof af eafeaprapes | 
SERRE EES 24 23 22 21 20 19 


7 8 9 10 11 12 


oan nner WH = 


25] 
lo Ny lo Vees ts '4 Is 
TL/F/10265-4 





= 
oO 


Is '7YocVoca Z |g 
TL/F/10265~3 


—_ — 
no = 


TL/F/10265-2 
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National 
Semiconductor 


F100370 





ADVANCE INFORMATION 


Low Power Universal Demultiplexer/Decoder 


General Description 


The F100370 universal demultiplexer/decoder functions as 
either a dual 1-of-4 decoder or as a single 1-of-8 decoder, 
depending on the signal applied to the Mode Control (M) 
input. In the dual mode, each half has a pair of active-LOW 
Enable (E) inputs. Pin assignments for the E inputs are such 
that in the 1-of-8 mode they can easily be tied together in 
pairs to provide two active-LOW enables (E14 to Ejp, Eo, to 
Eap). Signals applied to auxiliary inputs Ha, Hy and H, deter- 
mine whether the outputs are active HIGH or active LOW. In 
the dual 1-of-4 mode the Address inputs are Aga, Aya and 
Aop; Aib with Aga unused {i.e., left open, tied to Vee or with 


Logic Symbols 


Single 1-of-8 Application 


AosAtaAza Ea 
M 


Zo 21 Z2 Z3 Za Zs Ze 27 


TL/F/10649-1 


Connection Diagrams 


24-Pin DIP 


oan moneewnyn = 


—_— —- = 
np + 2 


Dual 1-of-4 Application 


Zoa Z1a Z2a 238 Zon Z1b Z2b Z3b 





28-Pin PCC 


Zia ZO8 
Aza M Ata Vees Apa(Z4)(Z2) 


es 


LOW signal applied). In the 1-of-8 mode, the Address inputs 
are Aga, Ata, Aza with App and Ayp LOW or open. All inputs 
have 50 k. pulldown resistors. 


Features 

@ 35% power reduction of the F100170 
@ 2000V ESD protection 

w Pin/function compatible with F100170 


@ Voltage compensated operating range = 
—5.7V 


—4.2V to 


| Pin Names | Description 


Address Inputs 

Enable Inputs 

Mode Control Input 

20-2 (Zoa-Z3a) 
Polarity Select Input 

24-27 (Zob-Zap) 


Ep Adb Ath 


Polarity Select Input 
Common Polarity 
Select Input 
Single 1-of-8 
Data Outputs 
Dual 1-of-4 
Data Outputs 


TL/F/10649-4 20-27 


Zna: Znb 


24-Pin Quad Cerpak 
Ha Ee Eop Vee Eth Eta 


24 23 22 21 20 19 


7 8 9 10 11 12 


Zo Z1b VocVeca 23a Z08 
(Z5)(Zs) (23) (Zp) 
TL/F/10649-3 


He Hy eS Zop 


TL/F/10649~-2 


Z7)(Z4) 
TL/F/10649-5 
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F100371 
Low Power Triple 4-Input Multiplexer with Enable 


General Description 


The F100371 contains three 4-input multiplexers which 
share a common decoder (inputs Sg and S;). Output buffer 
gates provide true and complement outputs. A HIGH on the 
Enable input (E) forces all true outputs LOW (see Truth Ta- 
ble). All inputs have 50 kQ. pull-down resistors. 


Logic Symbol 


E loa Va laa Ia lop ti lab Isp toe Nhe I2e Ise 


TL/F/10048-1 


Connection Diagrams 


ADVANCE INFORMATION 


LZE00L 


Features 

w 35% power reduction of the F100171 

m 2000V ESD protection 

m Pin/function compatible with F100171 

w Voltage compensated operating range = —4.2V to 
—5.7V 


Description 


Date Inputs 

Select Inputs 

Enable Input (Active LOW) 
Data Outputs 

Complementary Data Outputs 


24-Pin DIP 24-Pin Quad Cerpak 28-Pin PCC 
tb lob E Vee Sy So I30 lon heVers !on Za Ze 


oan 7m oO mr Wh — 


—- —. = 
rye = & 


TL/F/10048-2 





24 23 22 21 20 19 


HOMO) 





7 8 9 10 11 12 o.8,8,8,8,8 


iS] Bo (29 2 23 Ba BS) 


Z, Ze VocVecaZp 2b lob '3b loc VES Ite lac '3c 


TL/F/10048-3 : TL/F/10148-4 
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National | ADVANCE INFORMATION 
Semiconductor | 


F100393 
Low Power 9-Bit ECL-to-TTL 
Translator with Latches 


General Description Features 

The F100393 is a 9-bit translator for converting F100K logic + 64 mA Io, drive capability 
levels to FAST® TTL logic levels. A LOW on the latch en- m 2000V ESD protection 
able (LE) latches the data at the input state. AHIGH onthe  —4.2V to —5.7V operating range 
LE makes the latches transparent. A HIGH on either the |atched outputs 

ECL or TTL output enable (OE ECL or OE TTL), holds the m FAST® TTL outputs 
outputs in a high impedance state. 

The F100393 is designed with FAST® TTL, 64 mA outputs 

for Bus Driving capability. All ECL inputs have 50 kQ. pull 

down resistors. When the inputs are either unconnected or 

at the same potential, the outputs will go LOW. 


Logic Symbol 


Data Inputs (ECL) 
Data Outputs (TTL) 
Latch Enable Input 
Output Enable (TTL) 
Output Enable (ECL) 


TL/F/10650-~1 


Connection Diagram 


OE 
Ds TTL VecVee Voc LE Dy 
(1) fo) (3) fe) 


29) 
Voca pevmVeca¥cca4 Qs; 


TL/F/10650-2 
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F100395 
Low Power 9-Bit ECL-to-TTL 
Translator with Registers 


General Description 

The F100395 is a 9-bit translator for converting F100K logic 
levels to FAST® TTL logic levels. A high on the output en- 
able (OE) holds the TTL outputs in a high impedance state. 
A low on the clock enable (EN) transfers the data on the 
inputs to the outputs on a Low-to-High clock transition. A 
high on EN will not change the state of the outputs. 

The F100395 is designed with FAST® TTL, 64 mA outputs 
for Bus Driving capability. All inputs have 50 kN pull down 
resistors. When the inputs are either unconnected or at the 
same potential, the outputs will go LOW. 


Logic Symbol 


Do-g 





TL/F/10651-1 


Connection Diagram 


Ds EN VocVeg Voc CP Dy 
fy (9 [3] @) &) 


4] 
Veoca9E VirVecaVecaQ4 Qs 
TL/F/10651-2 





ADVANCE INFORMATION 
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Features 

m 64 mA Io, drive capability 

m 2000V ESD protection 

@ —4.2V to —5.7V operating range 
m Registered outputs 

mg FAST TTL outputs 


Description 


Data Inputs (ECL) 
Data Outputs (TTL) 
Output Enable 
Clock Enable 
Clock Pulse 
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F100K 100 Series 
Datasheets 





Section 3 Contents 


F100101 Triple 5-Input OR/NOR Gate 
F100102 Quint 2-Input OR/NOR Gate 
F100104 Quint 2-Input AND/NAND Gate 
F100107 Quint Exclusive OR/NOR Gate 
F100112 Quad Driver 

F100113 Quad Driver 

F100114 Quint Differential Line Receiver 
F100115 Low Skew Quad Driver 

F100117 Triple 2-Wide OA/OAI Gate .. 
F100118 5-Wide 5-4-4-4-2 OA/OAI Gate 
F100121 9-Bit Inverter 

F100122 9-Bit Buffer 

F100123 Hex Bus Driver 

F100124 Hex TTL-to-100K ECL Translator 
F100125 Hex 100K ECL-to-TTL Translator 
F100126 9-Bit Backplane Driver 

F100128 Octal Bidirectional ECL/TTL Translator 
F100130 Triple D Latch 

F100131 Triple D Flip-Flop 

F100135 Triple JK Flip-Flop 

F100136 4-Stage Counter/Shift Register 
F100141 8-Bit Shift Register 

F100142 4 x 4 Content Addressable Memory 
F100150 Hex D Latch 

F100151 Hex D Flip-Flop 

F100155 Quad Multiplexer/Latch 

F100156 Mask/Merge Latch 

F100158 8-Bit Shift Matrix 

F100160 Dual Parity Checker/Generator 
F100163 Dual 8-Input Multiplexer 

F100164 16-Input Multiplexer 

F100165 Universal Priority Encoder 
F100166 9-Bit Comparator 

F100170 Universal Demultiplexer/Decoder 
F100171 Triple 4-Input Multiplexer with Enable 
F100175 Quint 100K-to-10K Latch 
F100179 Carry Lookahead Generator 
F100180 High-Speed 6-Bit Adder 

F100181 4-Bit Binary/BCD ALU 

F100182 9-Bit Wallace Tree Adder 
F100183 2 x 8-Bit Recode Multiplier 
F100250 Quint Full Duplex Line Transceiver 
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F100101 
Triple 5-Input OR/NOR Gate 


General Description 


The F100101 is a monolithic triple 5-input OR/NOR gate. All 
inputs have 50 kN pull-down resistors and all outputs are 
buffered. 


Ordering Code: see Sections 


Logic Symbol 


Die 
D2a 


TL/F/9835~3 


Connection Diagrams 


24-Pin DIP 


oan naoaenrwanrys = 


—=—_— 
nv = © 


TL/F/9835-1 


Refer to the F100301 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (—4.2V to —5.7V) 


Dna Dnb: Dne 


Data Inputs 
Data Outputs 


Oa, Op, Oc 
Oa, O; Complementary Data Outputs 


Oa, Ob, Oc 





24-Pin Quad Cerpak 
Dgp D3, Dap Veg D4, D5q 


24 23 22 21 20 19 


7 8 9 10 11 12 





O, 9 Veo Veca% Op 
TL/F/9835-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


storage: Temperatiire Sa Andi Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —~5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter Conditions (Note 4) 


50M to —2.0V 


VoL Output LOW Voltage —1810 —1705 — 1620 
VoHe Output HIGH Voltage | —1035 = | Vin = Vin(wtiny {Loading with 


VoLc Output LOW Voltage —1610 or VIL (Max) 502 to —2.0V 


mV 
I i 
Vin Input HIGH Voltage 1165 _880 aay Guaranteed HIGH Signal 
for All Inputs 
VIL Input LOW Voltage - 1810 1475 mV Guaranteed LOW Signal 
for All Inputs 
| 0.s0__| WA 


fn Input LOW Current pA i = Vie tin 


| min | typ | |_Units | 
VoH Output HIGH Voltage ea eee Loading with 
or ViL (Min) 
a 


DC Electrical Characteristics 
Vee = —4.2V, Vcc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Vou Output HIGH Voltage —1020 | | 870 | nV Vin = VIH (Max) Loading with 
VoL Output LOW Voltage | -1810 | = | —1605 or ViL (Min) a iia 


VoHc Output HIGH Voltage —1030 Vin = VIH (Min) Loading with 


Voie OutputLOWVoltage | | or Vit (Max) 502 to —2.0V 
Guaranteed HIGH Signal 


ViH Input HIGH Voltage _ = 
te eet for All Inputs 


Vit Input LOW Voltage 1810 _4475 ay, Guaranteed LOW Signal 
for All Inputs 


Input LOW Current | oso | | TA Vin = Vivir 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | min | Typ | Max | units | Conditions (Note 4) 
Vor ee ee Vin = Vi in) | Loading with 
Vorc__| Outputtowvottage | | | 1610 | i slau 


Vin Input HIGH Voltage Zz a Guaranteed HIGH Signal 
Vee a ny for All Inputs 

Input LOW Voltage —1830 41490 ra Guaranteed LOW Signal 
for All Inputs 


| input Low Curent | 060 | | | A | Vin = Vicar 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 





DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, Tc = 0°C to +85°C 


Input HIGH Current 
Power Supply Current 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Vcc = Voca = GND 


| raamaer Te 98 | tas 4288 seta : To = +85°C 

Propagation Delay in_ Max | 
Data to Output 0.50 1.15 

= as jos 120 | 


LOLOO! 


Conditions 


Vin = VIH (Max) 
Inputs Open 


Cc Conditions 
0.50 1.15 
Figures 1 and 2 
Transition Time 0.45 1.30 0.45 1.20 


20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


_ Cc = 
Propagation Delay 
Data to Output 0.50 0.95 0.50 0.95 0.55 1.10 
Transition Time sae hae te ni as an 


20% to 80%, 80% to 20% 
0.7 +0.1 ns 


Conditions 


Figures 1 and 2 





PULSE 
[GENERATOR 


TL/F/9835-5 


FIGURE 1. AC Test Circuit 


Notes: 

Voc: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 502 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 509 to GND 
C., = Fixture and stray capacitance < 3 pF 


COMPLEMENT 


tTHL 


TL/F/9835-6 
FIGURE 2. Propagation Delay and Transition Times 
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National 
i Semiconductor 


F100102 


Quint 2-Input OR/NOR Gate 


General Description 


The F100102 is a monolithic quint 2-input OR/NOR gate 
with common enable. All inputs have 50 kN pull-down resis- 
tors and all outputs are buffered. 


Ordering Code: see Sections 


Logic Symbol 


Dia 
Da 


Dib 
Dab 


Dic 
Dac 


Dig 
Dog 


Die 
Dee 


TL/F/9836~3 


Connection Diagrams 


oon mom OO B® WwW BS = 


= lc oo 
nb = oO 


24-Pin DIP 


TL/F/9836-1 





Refer to the F100302 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (—4.2V to —5.7V) 


| PinNames | Description 


Data Inputs 

Enable Input 

Data Outputs 

Complementary Data Outputs 


TABLE 1. F 100102 Truth Table 


mierrtreiereire 
os Oe Cs Rs Re ee es Se 
re err eae 


HIGH Voltage Level 


H = 
L = LOW Voltage Level 


24-Pin Quad Cerpak 
Dog Dye E Veg Dap Dy, 


24 23 22 21 20 19 


7 8 9 10 11 12 


Og Oy Voc Veca % % 
TL/F/9836-2 





Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


ZOLOOL 


If Military/Aerospace specified devices are required, Vee Pin Potential to 
please contact the National Semiconductor Sales Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


Storage Temperature — 65°C to + 150°C Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 
Case Temperature under Bias (Tc) 0°C to + 85°C 


DC Electrical Characteristics 
Vee = ~—4.5V, Voc = Veca = GND Tc = O°C to +85°C (Note 3) 


symbol | ___ Parameter |_ min | Typ | Max | Units | Conditions (Note 4) 

Vor | outputuowvotage | =1810 | -r705 | =1620 | mv | "NUNN | Sotto ~20v 
Vore | Outputtowvorage ||| =s610 [mv | UN | Soto ~20v 
VI | inputHIGH Voltage | —i165 | | —seo | mv | Guaranteed HIGH Signal for All Inputs 

VIL | inputLowVoltage | -1810 | (| —1475 | mv_| Guaranteed LOW Signal for All Inputs 

| imputuowcurent | oso | {| eA | Vin = Vii 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


symbol | ___ Parameter || win__| Typ | Max | Unite | Conditions (Note 4) 
VoH Output HIGH Voltage — 1020 | | 870 | mv Loading with 


Vin = ViH(Max) OF VIL(Min) = 


Vous | Outputrowvotage | |_| 1505 | mv | | SOR to ~20V 
| InputHIGH Voltage | -1150 | =| -870 | mv | Guaranteed HIGH Signal for All Inputs 
| inputLow Voltage | -1810 | | —1475 | mv | Guaranteed LOW Signal for All Inputs 
| InputLowcurrent | 0.50 _| BA | Vin = Vit (Min) 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter | min | Typ 
Vou Output HIGH Voltage 
VoL Output LOW Voltage 
VoHc Output HIGH Voltage 
VoLc Output LOW Voltage a | 
Vid Input HIGH Voltage 


Conditions (Note 4) 


mV Vin = Vita OF Vin (ain) Loading with 
IN ~ VIH(Max: (Min me 
—1620 mV 509 to —2.0V 
V 


P| mV Loading with 


Vin = Vin(Min) OF ViL(Max) i 
a 50 to —2.0V 
mV Guaranteed HIGH Signal for All Inputs 


VIL Input LOW Voltage — 1830 — 1490 mV Guaranteed LOW Signal for All Inputs 
lit Input LOW Current | oso | It | pA Vin = Vit(Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these ‘‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to + 85°C 


| Parameter | Min_| | units | Conditions 


Input HIGH Current 
Data VIN = ViH(Max) 
Enable 


Power Supply Current | -80 | ss | -38_ | mA __|_ Inputs Open 


Ceramic Dual-in-Line Package AC Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 

Data to Output i 

Propagation Delay : 

Enable to Output Figures 1 and 2 


Transition Time 


Cerpak AC Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Parsinshat =| eonailiors 


Propagation Delay 
Data to Output 


Propagation Delay 
: . . : 5 : Fi 7and 2 
Enable to Output 0.95 1.95; 095 1.95 | 0.95 2.00 jgures 1 an 
| Transition Time 
20% to 80%, 80% to 20% 


0.7+0.1 ns 


PULSE 
GENERATOR 


OUTPUT 


TL/F/9836-5 
FIGURE 1. AC Test Circuit 


{THL 
Notes: 


Vcc: Veca = +2V, Vez = —2.5V : TL/F/9836-6 
Ee a ee ean eee eecanee wis FIGURE 2. Propagation Delay and Transition Times 
Rr = 502 terminator internal to scope 

Decoupling 0.1 F from GND to Vcc and Veg 

All unused outputs are loaded with 509 to GND 

C, = Fixture and stray capacitance < 3 pF 





rasyt National 
4 Semiconductor 


F100104 
Quint AND/NAND Gate 


General Description 


The F100104 is monolithic quint AND/NAND gate. The 
Function output is the wire-NOR of all five AND gate out- 
puts. All inputs have 50 kf pull-down resistors. 


Ordering Code: see Sections 


Logic Symbol 


TL/F/9837-3 


Connection Diagrams 


24-Pin DIP 


owon nm OF WD = 


—_ 
nyo = & 


TL/F/9837-1 
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Refer to the F100304 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (—4.2V to —5.7V) 


Logic Equation 


F = (Djq®@ Daa) + (Dp *® Dap) + Dic © Dac) + (Dig * Dog) 
+ (Dig ® Dag). 


Data Inputs 


Function Output 
Data Outputs 
Complementary Data Outputs 





24-Pin Quad Cerpak 
Dog D2¢ Die Vee Dap Op 


24 23 22 21 20 19 


7 8 9 10 11 12 





Og F Vee Veca%e % 
TL/F/9837-2 





100104 


Absolute Maximum Ratings 


Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to +85°C 
please contact the National Semiconductor Sales Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


olorage Temperate —65°C to + baie Output Current (DC Output HIGH) ~50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —~5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter | min | Typ | Max | Units | Conditions (Note 4) 

Vou Output HIGH Voltage | —1025 | -955 | —880 | mV Vin = VIH (Max) Loading with 
VoL Output LOW Voltage or VIL (Min) 502 to —2.0V 
VoHc Output HIGH Voltage Se Vin = Vin(min) | Loading with 
Voie OutputLowvoltage | [| | —1610 | or ViL (Max) a RON 


ViH Input HIGH Voltage 4165 —880 ay Guaranteed HIGH Signal 
for All Inputs 
Vv 


VIL Input LOW Voltage 1810 1475 Re Guaranteed LOW Signal 
for All Inputs 


pA = Vin iy 


Ne Input LOW Current 


DC Electrical Characteristics _ 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


| Typ | Max | units | Conditions (Note 4) 
mV Vin = ViH (Max) Loading with 
—1605 or VIL (Min) 502 to —2.0V 
mV 


Nerd Vin = Vi (Min) Loading with 
~1595 or VIL (Max) 502 to —2.0V 


—870 mV Guaranteed HIGH Signal 
for All Inputs 


= Guaranteed LOW Signal 
baie for All Inputs 


PA Vin = Vie in 


Symbol Parameter 
Vou Output HIGH Voltage 
VoL Output LOW Voltage 
VoHC Output HIGH Voltage 
VoLc Output LOW Voltage 
Vin Input HIGH Voltage 


—1020 
—1810 
—1030 


Input LOW Voltage 


Input LOW Current 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol Parameter 

VoH Output HIGH Voltage 
VoL Output LOW Voltage 
VoHC Output HIGH Voltage 
VoLc Output LOW Voltage 
VIH Input HIGH Voltage 


+ 


yp | Max | units _| Conditions (Note 4) 

ray Vin = Vin (Max) Loading with 
~1620 or ViL (Min) 502 to —2.0V 

Pe tll mV VIN = VIH (Min) Loading with 
— 41610 or ViL (Max) 500 to —2.0V 
_ Guaranteed HIGH Signal 

2 Guaranteed LOW Signal 

Dicks for All Inputs 


lit Input LOW Current a Vin = VIL (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these “‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 


— 1035 
— 1830 
—1045 


VIL Input LOW Voltage 





DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, Tc = 0°C to + 85°C 


POLOOL 


Conditions 


Input HIGH Current Vin = VIH (Max) 
D2a-D2e 
Dia-Die 


Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


em Fa baad epaiiihe 


Propagation Delay 
Dna~Dne to O, O 


Propagation Delay 
Data to F 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1 and 2 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Veca = GND 


Parameter | Te OG} Te = 286 To +856 units | _conaton 


Propagation Delay 
Dna-Dne to O, Oo 


Propagation Delay 
Data to F 


Transition Time 
20% to 80%, 80% to 20% 


1.45 
2.40 |: 1. . Figures 1 and 2 


0.35 . : 1.45 





100104 


PULSE 
GENERATOR 


Notes: TL/F/9837-5 
Voc: Voca = +2V, Vee = —2.5V 

Li and L2 = equal length 509 impedance tines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 F from GND to Voo and Vee 

All unused outputs are loaded with 502 to GND 

C_ = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 


=a 





tp | <|-— t 
TRUE HL | PLH 


50% 


OUTPUT 3 el tPHL 
% 


80 


50% 
COMPLEMENT 20% 
| ese 


FIGURE 2. Propagation Delay and Transition Times 
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National 
Semiconductor 


F100107 
Quint Exclusive OR/NOR Gate 


inti Refer to the F100307 datasheet for: 
General Description eCe Packaaing 


The F100107 is monolithic quint exclusive-OR/NOR gate. Lower Power 
The Function output is the wire-OR of all five exclusive-OR Military Versions 


outputs. Extended Voltage Specs (—4.2V to —5.7V) 


ZOLOOL 


Ordering Code: see Sections 


Logic Symbol Logic Equation 
F = (Dig © Dog) + (Dip © Dap) + (Dic ® Dog) + (Dig © 
Dog) + (Dig ® Doe). 


| PinNames | Description 


Data Inputs 

Function Output 

Data Outputs 

Complementary Data Outputs 


TL/F/9838-3 


Connection Diagrams 


24-Pin DIP 24-Pin Quad Cerpak 
Dag O26 Die Vee Dap Dip 


24 23 22 21 20 19 


7 8 9 10 11 12 


oon momrkh WwW DH 


_ 
Oo 


Og F Voc Veca % % 


a 
_ 


TL/F/9838-2 


nD 


TL/F/9838-1 








100107 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


lf Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) O°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


Siblade en petalae ena Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (T) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Vcc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter | min | Typ | Max | Units | Conditions (Note 4) 
| -955 | —880_| 


VoH Output HIGH Voltage — 1025 —880 mV an = wil (Max) a see 
VoL Output LOW Voltage OF VIL (Min) 0-2. 
m 


VouHc Output HIGH Voltage Vin = VIH(Min) Loading with 
VoLc Output LOW Voltage or ViL (Max) 502 to —2.0V 
VIH Input HIGH Voltage _ Guaranteed HIGH Signal 

for All Inputs 


Vit Input LOW Voltage - Guaranteed LOW Signal 
for All Inputs 


lit Input LOW Current ee ee ee Vin = VIL (Min) - 


DC Electrical Characteristics 
Ver = —4.2V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | min | typ | Max | units | Conditions (Note 4) 

Von ___| OutputHiGH Voltage | -to20 | | -870 | iy Vin = ViH (Max) | Loading with 
Vo. | OutputLowvoltage | -1810 | | -1605_| Ete ene 
VoHC guetta etege {arose |__| aw | Vin = ViH (Min) Loading with 


Voie OutputLow voltage | = | | 1595 or VIL (Max) eames 


VIL Input LOW Voltage ae _ aise Suapiel Loy ait 
| oso | TT 


Wie Input LOW Current Vin = VIL (Min) 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Symbol Parameter 


VoH Output HIGH Voltage — 1035 
VoL Output LOW Voltage — 1830 


VoHC Output HIGH Voltage —1045 Vin = Vix (Min) Loading with 


ae 
| 
as v 
VoLc Output LOW Voltage asec he or VIL (Max) 502 to —2.0V 
ee 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or VIL (Min) 502 to —2.0V 


Vin Input HIGH Voltage ~14165 Guaranteed HIGH Signal 
for All Inputs 
VIL Input LOW Voltage ~1830 


Guaranteed LOW Signal 
lit Input LOW Current VIN = Vit (Min) 


for All Inputs 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘“‘worst case” conditions. 





DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to + 85°C 


| Parameter | Min | max | units | Conditions 


Input HIGH Current Vin = VIH (Max) 


Z01001 


D2a-D29 
Dia-Die 


Power Supply Current | -96 | | mA Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Veca = GND 


Propagation Delay 
0.5 .90 .55 . 5 9 
Doa—Doq to O, re) 1.9 0.5 1.80 0.55 1.90 
Baie ae 0.55 1.70 | 055 160 | 055 1.70 jas 
A al etl Figures 1 and 2 


rlopagatignDeley 1145 275 | 145 275 | 145 3.00 

Data to F 

Transition Time 

20% 10 80%, 80% toz0% | 243 180 | 045 1.65 | 045 1.80 jas 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 





Parameter = ¢ Te = ¢ Conditions 


Propagation Delay 


Doa—Da9 to O, O 


Propagation Delay 
Dj_—Dj, to 0, 0 


Propagation Delay 

Data to F 

Transition Time 

20% to 80%, 80% to 20% 


Figures 1 and 2 





PULSE 
GENERATOR 


TL/F/9838~5 


Notes: 

Veo: Veca = +2V, Vee = —2.5V 

L1 and L2 = equal length 5020 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Veco and Veg 
All unused outputs are loaded with 509 to GND 
CL = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 
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0.7 + 0.1 ns =| 


OUTPUT 


FIGURE 2. Propagation Delay and Transition Times 
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National 
Semiconductor 


F100112 
Quad Driver 


General Description 


The F100112 is a monolithic quad driver with two OR and 
two NOR outputs and common enable. The common input 
is buffered to minimize input loading. If the D inputs are not 
used the Enable can be used to drive sixteen 500. lines. All 
inputs have 50 kf. pull-down resistors and all outputs are 
buffered. 


Ordering Code: see Sections 


Logic Symbol 


TL/F/9839-1 


Connection Diagrams 


24-Pin DIP 


oon om MN k® WwW HS 


_— 
nu =—- oO 


TL/F/9839~2 


Refer to the F100313 Datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (—4.2V to —5.7V) 


|_PinNames | Description 


Data Inputs 


Enable Input 
Data Outputs 
Complementary Data Outputs 





24-Pin Quad Cerpak 
Dy Dp E Vee Dy Dy 


24 23 22 21 20 19 


7 8 9 10 11 12 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) o°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


Storage lamperatire =e Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Symbol_| Parameter |_Min_ | Typ | Max | Units | Conditions (Note 4) 

VoH Output HIGH Voltage | -1025 | -955 | —s880 | Vin =Vin (Max) | Loading with 
VoL Output LOW Voltage -1705 | —1620 or ViL (Min) pad 
VoHC OutputHIGH Voltage {| -10395 | | | Vin = Vin (Min) | Loading with 
Voie Output LOW Voltage = -4 —1610 or VIL (Max) BUR EEO 


Vin Input HIGH Voltage 7 Guaranteed HIGH Signal 
VIL Input LOW Voltage — 1810 —1475 Guaranteed LOW Signal 
for All Inputs 


hie Input LOW Current |} os | | | Vin = VIL (Min) 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Veca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol | Parameter | Min__ | Typ | Max | Units | Conditions (Note 4) 
VoH OutputHIGH Voltage | -1020 | | -870 | ©, | Vin=Vin(max | Loadingwith 
VoL OutputLOW Voltage | -1810 | | —1605 or VIL (Min) saint pci 


VoHC Output HIGH Voltage -1030 | | | aa Vin = VIH (Min) Loading with 
Voc OutputLow Voltage | =| | —1595 or VIL (Max) pon tee e0y 


VIH Input HIGH Voltage | -11c0 | | eo | mv | Guaranteed HIGH Signal 
—870 mV 
for All Inputs 
a daa CO 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol _| Parameter | Min | Typ | Max | units | Conditions (Note 4) 

Von OutputHIGH Voltage | 10395 | | -880 | |, | Vin=Viniman | Loading with 
VoL Output LOW Voltage | —1830 a — 1620 or ViL (Min) i plese 
VOHC Output HIGH Voltage — 1045 Vin = VIH (Min) Loading with 
Voic Output LOW Voltage ee —1610 or VIL (Max) 500 to —2.0V 


Vin Input HIGH Voltage 1165 —880 | omy | Guaranteed HIGH Signal 
for All Inputs 
VIL Input LOW Voltage Guaranteed LOW Signal 
— 1830 
for All Inputs 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or ee its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 





3-18 


DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, Tc = 0°C to + 85°C 


cLLOOL 


Input HIGH Current 
Data 
Enable 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Veca = GND 


Propagation Delay 
Data to Output 0 50 0.55 1.40 0.45 1.60 


55 1. 
Propagation Delay 0.65 a0 fee sie eae ne ee 
Enable to Output : : : : : : igi 
Transition Time 
20% to 80%, 80% to20% | 24° 1.60 0.45 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


ren ee re Tet Conditions 


Propagation Delay 

Data to Output 0.55 1.30 0.55 1.20 0.45 1.40 

Propagation Delay 

Enable to Output 0.65 1.80 0.65 1.70 0.65 . Figures 1 and 2 


0.45 1.50 0.45 1.40 0.45 





Transition Time 
20% to 80%, 80% to 20% 
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24 23 22 21 #20 19 


25 pF 0.1 pF 
oe ie H 


= Veo = 


FIGURE 1. AC Test Circuit 


Notes: ; 

Voc: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 50 impedance lines 

Rt = 502 terminator internal to scope 

Decoupling 0.1 uF from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

CL = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


0.7 + 0.1 ns a | 





teHL 


TRUE 


OUTPUT 


COMPLEMENT 


‘i= tTHL 


FIGURE 2. Propagation Delay and Transition Times 
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TL/F/9839-6 


TL/F/9839-5 





National 
Semiconductor 


F100113 
Quad Driver 


€L LOO} 


General Description 

The F100113 is a monolithic quad driver with two OR and ‘Refer to the F100313 Datasheet for: 

two NOR outputs and common enable. The common input PCC Packaging 

is buffered to minimize input loading. If the D inputs are not Lower Power 

used the Enable can be used to drive sixteen 502 lines. All Military Versions 

inputs have 50 kM pull-down resistors and all outputs are Extended Voltage Specs (—4.2V to —5.7V) 
buffered. 


Ordering Code: see Sections 


Logic Symbol 


D Description 


Data Inputs 


Enable Input 
Data Outputs 
Complementary Data Outputs 





TL/F/9840-3 


Connection Diagrams 


24-Pin DIP 24-Pin Flatpak 
Dg Dy E Veg Dy Og 


24 23 22 21 20 19 


7 8 9 10 11 12 


onon DO eke WH ~* 





02646 VocVeca 1p Op 
TL/F/9840-2 | 


TL/F/9840-1 
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100113 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


Storage ‘Temperate —65°C to + Lede Output Current (DC Output HIGH) —~50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
VeE = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter | min | Typ | Conditions (Note 4) 
VoH Output HIGH Voltage — 1025 | -955 | —880 mV Vin = ViH (Max) Loading with 


VoL Output LOW Voltage —1810 | -1705 | —1620 or VIL (Min) 502 to —2.0V 
VoHC Output HIGH Voltage — 1035 Vin = ViH(Min) Loading with 


Voie Output LOW Voltage or VIL (Max) 502 to —2.0V 


ViH Input HIGH Voltage Guaranteed HIGH Signal 
for All Inputs 


Input LOW Voltage Guaranteed LOW Signal 
for All Inputs 


lit Input LOW Current 


DC Electrical Characteristics 
Vee = —4.2V, Vcc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Vou OutputHIGH Voltage | -1020 | = | —870 
Voi Output LOW Voltage | -1810 | | —1605 


VoHc Output HIGH Voltage 


VoLc Output LOW Voltage ae ae — 1595 


ViH Input HIGH Voltage —870 


Vin = VIL (Min) 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or VIL (Min) 502 to —2.0V 


Vin = VIH (Min) Loading with 
or ViL (Max) 502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Input LOW Voltage —1475 


| Units _| 
| nA | 
| units _| 


Input LOW Current Vin = VIL (Min) 


= 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Veca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter | min | Typ | 

VoH Output HIGH Voltage | -1035 | —880 
VoL Output LOW Voltage —1620 
VoHc Output HIGH Voltage 


VoLc Output LOW Voltage 
Vin Input HIGH Voltage 


Conditions (Note 4) 
Vin = Vi (Max) Loading with 
or VIL (Min) 502 to —2.0V 


Vin = VIH (Min) Loading with 
or VIL (Max) 502 to —2.0V 


—1610 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


- 71165 — 880 


VIL Input LOW Voltage — 41490 


< 


= 
> 


Ie Input LOW Current Vin = Vit (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcoca = GND, Tc = 0°C to + 85°C 


€LLOOL 


Conditions 


Input HIGH Current 
Data 


Enable Vin = Vin (max) 


Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VeE = —4.2V to —4.8V, Vcc = Voca = GND 


Parameter Te = +25°C Conditions 


Propagation Delay 
Data to Output 
Propagation Delay . 


Transition Time 


20% to 80%, 80% to 20% ee 


Cerpak AC Electrical Characteristics 


Vee = —4.2V to —4.8V, Voc = Voca = GND 


pucnaks raf ears 


Propagation Delay 
Data to Output 


Propagation Delay 

Enable to Output Figures 1 and 2 
Transition Time 

20% to 80%, 80% to 20% 
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100113 


Notes: 

Voc: Voca = +2V, Veg = —2.5V. 

L1 and L2 = equal fength 502M impedance lines. 

Rr = 502 terminator internal to scope. 

Decoupling 0.1 »F from GND to Voc and Veg. 

All unused outputs are loaded with 5029 to GND. 

C, = Fixture and stray capacitance < 3 pF. 

Pin numbers shown are for flatpak; for DIP see logic 
24.23 22 21 20 19 symbol. 


16 
15 
14 


13 
10 #11 «#12 


TL/F/9840-—5 
FIGURE 1. AC Test Circuit 


0.7 +0.1 ns 0.7+0.1 ns 


OUTPUT 


COMPLEMENT 


{TLy | Leta 


FIGURE 2. Propagation Delay and Transition Times 


TL/F/9840-6 
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National 
Semiconductor 


F100114 


Quint Differential Line Receiver 


General Description 


The F100114 is a monolithic quint differential line receiver 
with emitter-follower outputs. An internal reference supply 
(Vgp) is available for single-ended reception. When used in 
single-ended operation the apparent input threshold of the 
true inputs is 25 mV to 30 mV higher (positive) than the 
threshold of the complementary inputs. Unlike other F100K 
ECL devices, the inputs do not have input pull-down resis- 
tors. 


Ordering Code: see Sections 
Logic Symbol 
Ds On 
De De 


Dp Op 
Dp Op 


De O¢ 
DB oe 
Dg Og 


Dg Og 


De O~ 
De Oe 


Ves 
TL/F/9841-3 


Connection Diagrams 
24-Pin DIP 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= o_o 
ny — Oo 


TL/F/9841-1 


Active current sources provide common-mode rejection of 
1.0V in either the positive or negative direction. A defined 
output state exists if both inverting and non-inverting inputs 
are at the same potential between Veg and Vcc. The de- 
fined state is logic HIGH on the O,-Og outpuss. 
Refer to the F100314 datasheet for: 

PCC packaging 

Lower power 

Military versions 

Extended voltage specs (—4.2V to —5.7V) 


Data Inputs 


Inverting Data Inputs 
Data Outputs 
Complementary Data Outputs 





24-Pin Quad Cerpak 
De De Veg Vee Dy Dp 


24 23 22 21 20 19 


o Ooo 0 oOo 
eo e@ @ a a 


7 8 9 10 11 12 


Og Og Veo Veca % % 
TL/F/9841-2 
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100114 


Absolute Maximum Ratings 

Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to +85°C 

please contact the National Semiconductor Sales : : : _ 

Office/Distributors for availability and specifications. Ver Pin potentianie-Giqund ein COV Oey 
Input Voltage (DC) Vee to + 0.5V 


Storage Temperature —65°C to + 150°C Sanare DROUCUesiGe Soak 
Maximum Junction Temperature (Ts) + 150°C pu uEenn ae ) mM 
Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


| Typ | Max | Conditions (Note 4) 


— 880 mV Vin = VIH (Max) Loading with 


—1620 or VIL (Min) 509 to —2.0V 
m 


Symbol | __Parameter_—— | Min_(| Typ 
| OutputHIGH Voltage | _-1025 | -955 | 

Vou 

Vouc | OutputHIGHVottage | -1035 | | 

Vorc__| OutputLowVottage | | | = 1610 | SE ames 
mV__| Ivag = —250 yA 


Single-Ended 1165 mV Guaranteed HIGH Signal for All 

Input HIGH Voltage Inputs (with one input tied to Vag) 

Single-Ended 41475 mV Guaranteed LOW Signal for All 

Input LOW Voltage Inputs (with one input tied to Vgp) 
DC Electrical Characteristics 
Vee = —4.2V, Voc = Veca = GND, To = 0°C to + 85°C (Note 3) 
Symbol |____—Parameter_ | Min. (| Typ | Max | Units | Conditions (Note 4) 
VoH Output HIGH Voltage -1o200 | | 870 | | Vin = Vin (tax) Loading with 
VoL Output LOW Voltage —1810 | [| —1605 | or VIL (Min) 500 to —2.0V 
VoHcC Output HIGH Voltage -1030 | Ty | in = Vinci Loading with 
Vorc | OutputLowvoltage | | | = 185985 | Or Vit (Mex) ae 
VBB Output Reference Voltage | —1396 | —1320 | —1244 Ives = —250 pA 


VIH Single-Ended 1450 mV Guaranteed HIGH Signal for All 

Input HIGH Voltage Inputs (with one input tied to Vag) 
ViL Single-Ended 1475 mV Guaranteed LOW Signal for All 

Input LOW Voltage Inputs (with one input tied to Vaz) 
DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 
Symbol | ____— Parameter |_Min. | Typ | Max | Units | Conditions (Note 4) 
VoH Output HIGH Voltage —1035 } | = 880 | mV Vin = VIH (Max) Loading with 
VoL Output LOW Voltage -1830 | ‘| 1620 or VIL (Min) 500 to —2.0V 
Vouc Output HIGH Voltage -1045 | | ys | Min = Viewing Loading with 
VoLc Output LOW Voltage oye =e il — 1610 or ViL (Max) 502 to —2.0V 
VeB Output Reference Voltage | —1396 | -1920 | —1244 lvep = —250 pA 


Vin Single-Ended 1165 mV Guaranteed HIGH Signal for All 
Input HIGH Voltage Inputs (with one input tied to Vep) 

VIL Single-Ended —41490 iV Guaranteed LOW Signal for All 
Input LOW Voltage Inputs (with one input tied to Vga) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional! operation under these 


conditions is not implied. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Vin = VIH (Min) Loading with 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these ‘“‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to +85°C 


symbol | Parameter —|_Min__(| Typ | Max | Units | Conditions 
VbDIFF Input Voltage Differential ne Se eee ee Required for Full Output Swing 


Vom Common Mode Voltage Permissible +Vcy 
1.0 Vv ; 
with Respect to Vag 
hy Input HIGH Current Vin = ViH (Max) Da-De = Ves; 
50 pA 
Da- De = Vit (Min 
lcBo Input Leakage Current eS Vin = Vee, Da-De = Ves, 
Da- De = VIL (Min 


lee Power Supply Current ne ews Da-Do = Vap, DacDe = Vit win 


bELOOL 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


i ae es eee 
Figures 7 and 2 
on ae as 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


parameter tee +25°C tae | Conditions 


Data to Output Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% 0.55 1.20 0.45 1.10 0.45 1.30 
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100114 


PULSE 
GENERATOR 


Notes: 

Voo: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 5029 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 502 to GND 
C,_ = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 


0.7+0.1 ns —»| 


OUTPUT 


COMPLEMENT 


FIGURE 2. Propagation Delay and Transition Times 
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TL/F/9841-5 


TL/F/9841-6 





National 
Semiconductor 


F100115 
Low-Skew Quad Clock Driver 


General Description 


The F100115 contains four low skew differential drivers, de- 
signed for generation of multiple, minimum skew differential 
clocks from a single differential input. This device also has 
the capability to select a secondary single-ended clock 
source for use in lower frequency system level testing. 


Ordering Code: see Sections 


Logic Diagram 


CLKIN 
CLKIN 


CLKSEL 


| PinNames Description 


CLKIN, CLKIN Differential Clock Inputs 
CLKy_4, CLKy_4 Differential Clock Outputs 
TCLK Test Clock Inputt 
CLKSEL Clock Input Selectt 


TTCLK and CLKSEL are single-ended inputs, with internal 50 kN. pulldown 
resistors. 


Truth Table 





L L H 
L H L 
H X X 
H Xx 


L = Low Voltage Level 
H = High Voltage Level 
X = Don't Care 


Features 

@ Low output to output skew (<75 ps) 

a Differential inputs and outputs 

= Small outline package 

g Ideal for applications which require the low skew distri- 
bution of a clock signal to multiple outputs 

m Secondary clock available for system level testing 


Connection Diagram 


CLK1 


oki soic 


CLK2 

CLK2 

CLK3 

CLK3 

CLK4 

CLK4 
TL/F/9842~-2 


1 
2 
3 
4 
5 
6 
7 
8 


TL/F/9842-1 
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100115 


Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


lf Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Voc to +0.5V 


eiorage iemipereme —65°C to + ble Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


| min | typ | Conditions (Note 4) 
Vou OutputHIGH Voltage | -1025 | -955 | —es0 my | MIN= Vin(Max) | Loading with 
VoL Output LOW Voltage —1620 or ViL(Min) 502 to —2.0V 
Vouc Output HIGH Voltage 
VoLc Output LOW Voltage aa 


Vin Single-Ended Guaranteed HIGH Signal 
Input HIGH Voltage for All Inputs 


Symbol Parameter 


Vin = VIH(Min) Loading with 
or ViL(Max) 502 to —2.0V 


Single-Ended Guaranteed LOW Signal 
Input LOW Voltage for All Inputs 


Nie Input LOW Current 


Vin = VIL(Min) 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


symbol | Parameter | Min_ | Typ | Max | Units _| Conditions (Note 4) 
VoH OutputHIGH Voltage | -1020 | | -e70 | | Vin=Vinimex | Loading with 


VoL Output LOW Voltage -1810 | | —1605 or ViL(Min) 50 to —2.0V 
Yous DUPULTIIOrLY oltage -10390 | | mV Vin = Vin(Min) Loading with 


Vote Output LOW Voltage — 1595 or VIL (Max) 502 to —2.0V 


VIH Single-Ended = = 
Input HIGH Voltage tet ane 


Vit Single-Ended = an 
Input LOW Voltage tetY me 


lit Input LOW Current 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


mV 


mV 


pA Vin = ViL(Min) 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | Min Typ 
Vor Output HIGH Voltage — 1035 
VoL Output LOW Voltage — 1830 


Conditions (Note 4) 


— 880 Vin = ViIH(Max) Loading with 
—1620 or ViL(Min) 502 to —2.0V 


Vin = VIH(Min) Loading with 
or Vit(Max) 502. to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


VoHc Output HIGH Voltage —1045 


VoLc Output LOW Voltage aes 
Vin Single-Ended 1165 
Input HIGH Voltage 
VIL Single-Ended = 
Input LOW Voltage ise 


lit Input LOW Current | 050 | A Vin = Vit(Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 


—1610 


| 
fo) 
© 
° 


mV 


mV 


plafal ae 
< < 


Se 
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DC Electrical Characteristics 
Vee = ~—4.2V to —4.8V unless otherwise specified, Vcc = Vcoca = GND, Tc = O°C to + 85°C 


Symbol Conditions 
VDIFF Input Voltage Differential Required for Full Output Swing 
Vom Common Mode Voltage 


NH Input High Current Vin = Vin(Max) 
CLKIN, CLKIN 


SLLOOL 


TCLK 
CLKSEL 


IcBo Input Leakage Current 


AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay CLKIN, ; 
GLKIN to CLK -4), CLK <4) 0.63 0.83 i 0.85 0.70 0.93 Figures 1, 3 


Propagation Delay, TCLK ; 
to CLK 1-4), Cia ai 0.50 1.20 0.50 1.20 0.50 1.20 Figures 1,2 


Propagation Delay, CLKSEL ; 
to CLK1_4), CLK-4) 0.60 1.40 0.60 1.40 0.60 1.40 Figures 1, 2 


Transition Time 
20% to 80%, 80% to 20% 0.35 0.80 | 080 0.75 


Note 1: Maximum output skew for any one device. 





Figures 1, 4 


SCOPE CHAN B 


SCOPE CHAN C 
SCOPE CHAN A 
SCOPE CHAN D 


DIFFERENTIAL 
PULSE 
GENERATOR 





0.011 uF 


TL/F/9842-3 
Note 1: Shown for testing CLKIN to CLK1 in the differential mode. 
Note 2: L1, L2, L3 and L4 = equal length 50M impedance lines. 
Note 3: All unused inputs and outputs are loaded with 502 in parallel with <3 pF to GND. 
Note 4: Scope should have 502 input terminator internally. 


FIGURE 1. AC Test Circuit 





3-31 


100115 


0.7 20.1 ns 
TCLK, 


CLKSEL 


CLK (1-4) 
OUTPUTS (NOTE 1) 


CLK (1-4) 
TL/F/9842-4 


FIGURE 2. Propagation Delay, TCLK, CLKSEL to Outputs 


CLKIN 1.05V 
INPUTS 
CLKIN 0.31V 


CLK (1=4) RUE 
uel 
NOTE 1 


CLK (1-4) COMPLEMENT 
TL/F/9842-5 


FIGURE 3. Propagation Delay, CLKIN/CLKIN to Outputs 


CLK (1=4) 
CLK (1-4) 


TL/F/9842-6 
FIGURE 4. Transition Times 


Note 1: The output to output skew, which is defined as the difference in the propagation delays between each of the four outputs on any one 100115 shall not 
exceed 75 ps. 
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National 
Semiconductor 


F100117 
Triple 2-Wide OA/OAI Gate 


General Description 


The F100117 is a monolithic triple 2-wide OR/AND gate 
with true and complement outputs. All inputs have 50 kN. 
pull-down resistors and all outputs are buffered. 


ZLELOOL 


Ordering Code: see Sections 


Logic Symbol 


| PinNames | __—Description | 


Data Inputs 


Enable Inputs 
Data Outputs 
Complementary Data Outputs 





TL/F/9843-3 


Connection Diagrams 


24-Pin DIP 24-Pin Quad Cerpak 
Dap Dib Eo Ver Ey Eq 


24 23 22 21 20 19 


7 8 9 10 11 12 


oan Omar WwW HY = 





O, Oe VeeVeca O 


—_ 
Oo 


TL/F/9843-2 


_— 
no — 


TL/F/9843-1 
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100117 


Absolute Maximum Ratings 


Above which the useful life may be impaired. (Note 1) 


If Milltary/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availabillty and specifications. Input Voltage (DC) Veg to +0.5V 


sietage TeDp ie —65°C to + ee Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


symbol | Parameter |_Min__| typ | Max __| Units _| Conditions (Note 4) 

Vou ___| _OutputHiGH Voltage | -1025 | -955 | -880 | |, | Vin=Vin(waxy | Loading with 
Vou Bod TI MT een) sadam ed 
Voc | OutputHiGHVvoltage | -1035 | | Ty | ViN= Vinwiny | Loading with 


Vin Input HIGH Voltage ~880 mV Guaranteed HIGH Signal 
for All Inputs 
Vit Input LOW Voltage - Guaranteed LOW Signal 


i Input LOW Current | 0.50 | | Vin = Vie sin 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Symbol | Parameter | Min 
VoH Output HIGH Voltage | —1020 | 
VoL Output LOW Voltage | —1810 | 


| Typ | Max | 
eared al 
| | 1608 | 
Bree Sea Vin = VIH (Min) Loading with 
ee atl or VIL (Max) 500 to —2.0V 
Pe ecceaul 


Ties | 

_ Guaranteed HIGH Signal 
Guaranteed LOW Signal 

In Input LOW Current | 0.50 Po 

DC Electrical Characteristics 


for All Inputs 
VEE = —4.8V, Voc = VocA = GND, To = 0°C to + 85°C (Note 3) 


OutputHIGH Voltage | -1035 | | -s80 | Vin = Vin wen) | Loading with 
VoL Output LOW Voltage | -i890 | —1620 OF VIL (Min) OTe 
VoHc Output HIGH Voltage — 1045 PY mV Vin = VIH (Min) Loading with 
Voice OutputLOWVoltage | =| | —16t0 or VIL (Max) eee ey 


Vin Input HIGH Voltage Sarge | | -800 | mv | ey peer Ale Signal 
Vit Input LOW Voltage ~ 1830 eal —1490 ie Signal 
a a 


in inputLowCurrent | 060 | | Vin = Vi (min 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or ViL (Min) 502 to —2.0V 


VoHC. Output HIGH Voltage 
VoLc Output LOW Voltage 


VIH Input HIGH Voltage 1150 
VIL Input LOW Voltage —41810 


Vin = Vic (min 
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DC Electrical Characteristics 
Ver = —4.2V to —4.8V unless otherwise ac ae ee ae = oe = GND, aes = 0c aa + 85°C 


ZLLOOL 


| ss Parameter Conditions 


Input HIGH Current Gey 
All Inputs IN IH (Max) 


Power Supply Current Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = ~4.2V to —4.8V, Voc = Veca = GND 


= f° = °C =+ °C 
ra Cao des aitiens 


Propagation Delay 

Data to Output 

Propagation Delay 

Enable to Output 0.45 1.40 0.45 1.30 0.45 1.40 Figures 1 and 2 
Transition Time 

20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 


Vee = —4.2V to —4.8V, Voc = Voca = GND 


Parameter aa ce pu Li die cl ne Conditions 


Propagation Delay 
Data to Output 


Propagation Delay 

Enable to Output OAS, Fee ir G8 1.10 0.45 1.20 Figures 1 and 2 
Transition Time 

20% to 80%, 80% to 20% 0.45 1.20 0.45 1.10 0.45 1.20 | ns | 





0.7+0.1 | fee ns 
+1.05 V 
pes 
INPUT 50% 
piulad ——$—_—_——. + 0.31 V 
r pans 


50% 


OUTPUT {PLH . —»| {PHL 


. 80% 
TL/F/9843-5 50% 
FIGURE 1. AC Test Circult COMPLEMENT 20% 


Notes: 

Voc: Veca = +2V, Vee = —2.5V tTLH aie 

L1 and L2 = equal length 50M impedance lines 

Ry = 502 terminator internal to scope TL/F/9843-6 
Decoupling 0.1 »F from GND to Vcc and Veg FIGURE 2. Propagation Delay and Transition Times 
All unused outputs are loaded with 509 to GND 

C, = Fixture and stray capacitance < 3 pF 


TRUE 


PULSE 
GENERATOR 
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100118 


National 
Semiconductor 


F100118 
5-Wide 5, 4, 4, 4, 2 OA/OAI Gate 


General Description 


The F100118 is a monolithic 5-wide 5, 4, 4, 4, 2 OR/AND 
gate with true complementary outputs. All inputs have 
50 kf. pull-down resistors and all outputs are buffered. 


Ordering Code: see Sections 
Logic Symbol 


Dis ' 
D2a Description 


0 

Das Dna-Dne Data Inputs 
Osa 0,0 Data Outputs 
Dip 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) +150°C 


DC Electrical Characteristics 


0°C to + 85°C 
—7.0V to +0.5V 
Ver to +0.5V 
—50 mA 

—5.7V to —4.2V 


Case Temperature under Bias (Tc) 
Veg Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 


Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
VoHC Output HIGH Voltage 
Voc Output LOW Voltage 
VIH Input HIGH Voltage 


Symbol 
VOH 
VoL 


| Min 


| 955 _ 
| = 1705 _ 


—1705 


1165 


DC Electrical Characteristics 


| =1810 | 
| = 1035 _ 
ace 
Input LOW Voltage 


he Input LOW Current 


Conditions (Note 4) 


Loading with 
500 to —2.0V 


Vin = ViH (Max) 
or ViL (Min) 


Loading with 
50 to —2.0V 


Vin = ViH(Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


PA Vin = Vi min 


Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
VoHc Output HIGH Voltage 
Votc Output LOW Voltage 
VIH Input HIGH Voltage 


Symbol 
—1020 


| Min | typ 
| =1020 | 
pad 
meme 
a, ie 
aa 


VoH 
VoL 


—1150 
—1810 


DC Electrical Characteristics 


VIL Input LOW Voltage 


Ne Input LOW Current 


Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
VoHC Output HIGH Voltage 
VoLc Output LOW Voltage 
ViH Input HIGH Voltage 


Symbol 


hin 


ET 
Ce el 
P=1068 |_| 
ae ce 

a 


VOoH 
VoL 


—1165 
— 1830 


VIL Input LOW Voltage 


Ne Input LOW Current 


—1475 


wax 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


~870 Vin = VIH (Max) 


or Vit (Min) 


Loading with 
502 to —2.0V 


Vin = ViH (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


mV 
mV 
—870 mV 
mV 
pA Vin = Vit (Min) 


Conditions (Note 4) 


Loading with 
50 to —2.0V 


Vin = VI (Max) 
or ViL (Min) 


Loading with 
500 to —2.0V 


Vin = VIH (Min) 
or Vit (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


m 

m 
~—880 m 
m 


V 
V 
V 
Vv 

A 


Vin = VIL (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional! operation under these 


conditions is not implied. 
Note 2: Parametric values specified at —4.2V to ~4.8V. 


8LLOOL 





Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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100118 


DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise ae ae a = ach = GND, ae = 0°C to ae 


| Parameter Conditions 


Input HIGH Current err 
All Inputs IN IH (Max) 


Power Supply Current Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


ers tea 188 +25°C ie esis 


Data to Output Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% 0.45 1.60 0.45 1.50 0.45 1.60 cra) 


Cerpak AC Electrical Characteristics 


Vee = —4.2V to —4.8V, Voc = Voca = GND 


na giveaas 
Data to Output Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% 
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PULSE 
GENERATOR 


TL/F/9844-5 
FIGURE 1. AC Test Circuit 
Notes: 
Voc: Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 500 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 509 to GND 
Cy = Fixture and stray capacitance < 3 pF 


0.7+0.1 ns 0.7 +0.1 ns 
+ 1.05 V 


OUTPUT 


COMPLEMENT 


oa ti 


TL/F/9844-6 


FIGURE 2. Propagation Delay and Transition Times 
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100121 


National | 
Semiconducto 


F100121 
9-Bit Inverter 





General Description 


The F100121 is a monolithic 9-bit inverter. The device con- 
tains nine inverting buffer gates with single input and output. 
All inputs have 50 kf pull-down resistors. 


Ordering Code: see Sections 


Logic Symbol 
0, —_o— 55 
D, ——_o-— & 


TL/F/9845-3 


Connection Diagrams 


24-Pin DIP 


1 

2 
3 
4 
5 
6 
7 
8 
9 





TL/F/9845~-1 


Refer to the F100321 Datasheet for: 
PCC Packaging 
Lower Power 
Military Versions 
Extended Voltage Specs (—4.2V to —5.7V) 


Description 


D;-Dg 
01-09 





Data Inputs 
Data Outputs 


24-Pin Quad Cerpak 
Dy Og VocaYer D7 Dg 


24 23 22 21 20 19 


7 8 9 10 11 12 





01 Oy Voc Voca% 97 
TL/F/9845-2 


3-40 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (T,) + 150°C 


DC Electrical Characteristics 


O°C to + 85°C 
—7.0V to + 0.5V 
Vee to + 0.5V 
—50 mA 

—5.7V to —4.2V 


Case Temperature under Bias (Tc) 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 


Vee = —4.5V, Voc = Veca = GND, Tc = 0°C to +85°C (Note 3) 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
VoHC Output HIGH Voltage 
VoLc Output LOW Voltage 
Vin Input HIGH Voltage 


Symbol 


Tan | 1 


ane! 
haa aa 
el 
ee [ 
| oso | | 


DC Electrical Characteristics 


VoH 
VoL 


Vit Input LOW Voltage 


Input LOW Current 


Conditions (Note 4) 


Loading with 
509 to —2.0V 


Vin = VIH (Max) 
or ViL (Min) 


Loading with 
502 to —2.0V 


Vin = VIH(Min) 
or Vit (Max) 


Guaranteed HIGH Signal 
for All Inputs 
Guaranteed LOW Signal 
for All Inputs 


Vin = Vit (Min) 


Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
VoHc Output HIGH Voltage 
VoLc Output LOW Voltage 
Vin Input HIGH Voltage 


Symbol 
VOH 
VOL 


| Min | 


aes 
~1150 


| Input Lowcurrent | oso | || A | Vi = Vivi 


DC Electrical Characteristics 
Vee = ~—4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol | Parameter | _oMin_— | Typ | Max | 


VoH 


Taye [max [units 
een) 
eae | 
Ce ann 
P| re5 | 


Conditions (Note 4) 


Loading with 
5029 to —2.0V 


Vin = VIH (Max) 
or ViL (Min) 


Loading with 
509 to —2.0V 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 


mV 
mV 
mV 
mV 

V 


L2LOOL 


| Units _| 
yOuiputHIGH Votiage | —1095 | | #00 |, 
Output LOW Voltage — 1830 | | = 1620 | 


Vouc pave tase nto fw 
PT = 18610 _| 


VoLc Output LOW Voltage 
= = Guaranteed LOW Signal 


n InputLowcurrent | 060 | | A | Vin = Vinci 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these ‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 


or VIL (Min) 


Loading with 
50 to —2.0V 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All inputs 


VIL Input LOW Voltage 
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100121 


DC Electrical Characteristics 
VEE = —4.2V to —4.8V unless otherwise specified, Vcc = Vcoca = GND, To = 0°C to +85°C 


| Parameter | win, | typ | Max | units | Conditions 
Input HIGH Curent ||| 850A 
Power Supply Current | 96 | -70 | -48 | mA__|_ Inputs Open 


Ceramic Dual-In-Line Package AC Characteristics 
VeE = —4.2V to —4.8V, Voc = Voca = GND 


Bao ees 0.45 1.60 0.45 1.45 0.45 1.60 fons 
pu Figures 1 and 2 


Transition Time 


Cerpak AC Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


ee a 045 140 | 045 +125 | 0.45 1.40 J ne 

es Figures 1 and 2 
Transition Time 
Eee Goad cumisoeme It Oae,. CeO | 08 1.30 | 045 1.30 eS 


0.70.1 ns ores ns 


20% 


a ceria v 
tPLH tent 
80% 


50% 
20% 


t a We 
TL/F/9845-5 se bee 


FIGURE 1. AC Test Circuit TL/F/9845-6 
Notes: FIGURE 2. Propagation Delay and Transition Times 
Veo: Veca = +2V, Veg = -—2.5V 
Li and L2 = equal length 5029 impedance lines 
Ry = 500 terminator internal to scope. 
Decoupling 0.1 uF from GND to Voc and Veg. 
All unused outputs are loaded with 509. to GND. 
C., = Fixture and stray capacitance < 3 pF. 





PULSE 
GENERATOR 
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National 
Semiconductor 


F100122 
9-Bit Buffer 


General Description 


The F100122 is a monolithic 9-bit buffer. The device con- 
tains nine non-inverting buffer gates with single input and 
output. All inputs have 50 kf pull-down resistors and all 
outputs are buffered. 


Ordering Code: see Sections 


Logic Symbol 


0: —_[>—— 01 
pb, ——_f>—— 02 
D3 —_)— 9: 
o, ——_>——_- a 
Ds —_p——- 


ps ——_[>——- 
0, ——_[>——_- 07 
Ds ——[>——- 0 
» ——_[>——_-o 


TL/F/9846-3 


Connection Diagrams 


24-Pin DIP 


oon mn Fk WwW DH ~ 


—_— — 
nu = Oo 


TL/F/9846-1 


Refer to the F100322 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (—4.2V to —5.7V) 


| PinNames——|__—Description 


D4, Dg 
O14, Og 





Data Inputs 
Data Outputs 


24-Pin Quad Cerpak 
Dy Og VocaYer D7 Dg 


24 23 22 21 20 19 


7 8 9 10 11 12 


0; 9 Vee Voc, 97 
TL/F/9846-2 
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cc 00} 


100122 


Absolute Maximum Ratings 


Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7,0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


Storege Femperaue . —65°C to + Unies Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter | somin =| Typ | Conditions (Note 4) 
Vou Output HIGH Voltage —1025 | 955 | mV Vin = VIH (Max) Loading with 


VoL Output LOW Voltage —1705 or ViL (Min) 509 to —2.0V 


Vouc Output HIGH Voltage —1035 ae mV Vin = Vin(min) Loading with 


eid Output LOW Voltage or ViL (Max) 50M to —2.0V 


Vin Input HIGH Voltage = 
i for All Inputs 


Typ 
Input LOW Voltage 1810 Guaranteed LOW Signal 
for All Inputs 


Guaranteed HIGH Signal 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


VOH Output HIGH Voltage — 1020 [| 870 | mV Vin = VIH (Max) Loading with 
VoL Output LOW Voltage —1810 | | = 1605 or VIL (Min) 502 to —2.0V 


VoHc Output HIGH Voltage | —1030 | ™ | Vin = Vi (Min) | Loading with 


Input HIGH Voltage ~1150 || 870 | mv | oe 
Input LOW Voltage 4810 _ 1475 alee 


InputLowcCurrent | 050 | | | A | Viv = Vieni 


DC Electrical Characteristics 
Vee = —4.8V, Vcc = Veca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter 


VoH Output HIGH Voltage 1035 
VoL Output LOW Voltage — 1830 


VouHo Output HIGH Voltage —1045 Vin = VIH (Min) Loading with 


ae 
zen) 
fee 
Voic OutputLOWVoltage | | | or Vit (Max) 502 to —2.0V 
fies | 


Conditions (Note 4) 


—880 Vv Vin = VIH (Max) Loading with 
—~1620 or VIL (Min) 500 to —2.0V 


Vin Input HIGH Voltage Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


n Input LOW Current | 0.50 _| pA Vin = Vie tiny 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case’”’ value for the parameter. Since these ‘‘worst case” values normally cccur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


VIL Input LOW Voltage 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcoca = GND, To = 0°C to + 85°C 


Input HIGH Current 
Power Supply Current 


ccLOOL 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —2.4V to —4.8V, Voc = Voca = GND 


Parameter ae a eee ig = te5¢ ai Conditions 


Data to Output Figures 1 and 2 


Transition Time 
20% to 80%, 80% to 20% 0.45 1.50 0.45 1.40 0.45 1.40 re 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Data to Output Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% 


0.7+0.1 ns 





OUTPUT 


TL/F/9846-5 


FIGURE 1. AC Test Circuit 


Notes: TL/F/9846-6 
Voc, Veca = +2V, Veg = —2.5V FIGURE 2. Propagation Delay and Transition Times 

L1 and L2 = equal length 502 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 ,zF from GND to Voc and Vee 

All unused outputs are loaded with 502 to GND 

C,. = Fixture and stray capacitance < 3 pF 
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100123 


National 
Semiconductor 


F100123 
Hex Bus Driver 


General Description 


The F100123 is a monolithic device containing six bus driv- 
ers capable of driving terminated lines with terminations as 
low as 252. To reduce crosstalk, each output has its re- 
spective ground connection. Transition times were designed 
to be longer than on other F100K devices. The driver itself 
performs the positive logic AND of a data input (D;—Dg) and 
the OR of two select inputs (E and either DE;, DE» or DE3). 


Ordering Code: see Sections 
Logic Symbol 


Dy 0; 


D2 0» 


= 


O3 


i 
a 4 


Os 


i 


in 6 


TL/F/9847-2 


Connection Diagrams 
24-Pin DIP 


oon Dor WwW DS — 


TL/F/9847-1 


Enabling of data is possible in multiples of two, i.e., 2, 4 or 
all 6 paths. All inputs have 50 kQ. pull-down resistors. 


The output voltage LOW level is designed to be more nega- 
tive than normal ECL outputs (cut off state). This allows an 
emitter-follower output transistor to turn off when the termi- 
nation supply is —2.0V and thus present a high impedance 
to the data bus. 


| PinNames | Description 


Data Inputs 


Dual Enable Inputs 
Common Enable Input 
Data Outputs 





24-Pin Quad Cerpak 
Dg DEs E Vee DEp DE, 


24 23 22 21 20 19 


7 8 9 10 11 12 


04 VocaVec Veca 1 Voc 
TL/F/9847-3 





3-46 


Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, Vee Pin Potential to Ground Pin —7.0V to +0.5V 
please contact the National Semiconductor Sales Input Voltage (DC) Vee to +0.5V 
Office/Distributors for availability and specifications. Output Current (DC Output HIGH) —~50 mA 


Storage Temperature —65°C to + 150°C Operating Range (Note 2) —5.7V to —4.2V 
Maximum Junction Temperature (Ty) +150°C 


Case Temperature under Bias (Tc) 0°C to + 85°C 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


| typ | Max 


Symbol Parameter 
Vou Output HIGH Voltage 


| units | Conditions (Note 4) 

may Vin = Vi (Max) Loading with 
or VIL (Min) 252 to —2.0V 
V 


VoHc Output HIGH Voltage ~ 1035 fi Vin = VIH (Min) Loading with 
or Vit (Min) 25N to —2.0V 


VoL Output LOW Voltage Vin = VIH (Min) Loading with 
Cut-Off State or ViL (Max) 252. to —2.3V 


Vin Input HIGH Voltage _ Guaranteed HIGH Signal 
for All Inputs 


ViL Input LOW Voltage _ Guaranteed LOW Signal 
for All Inputs 


—1025 


he Input LOW Current 


DC Electrical Characteristics 
Vee = —4.2V, Vec = Voca = GND, Tc = 0°C to + 85°C (Note 3) 
Symbol Parameter | Max =| Units | Conditions (Note 4) 


VoH Output HIGH Voltage - Vin = VIH (Max) Loading with 
or VIL (Min) 25. to —2.0V 
Voc Output HIGH Voltage - Vin = VIH (Min) Loading with 
or ViL (Max) 252 to —2.0V 
VoL Output LOW Voltage Vin = VIH (Min) Loading with 
Cut-Off State or VIL (Max) 252. to —2.3V 


ViH Input HIGH Voltage = Guaranteed HIGH Signal 
for All Inputs 


VIL Input LOW Voltage Guaranteed LOW Signal 
for All Inputs 


lit. Input LOW Current Vin = Vit (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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100123 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


symbol | Parameter | Min. | Typ | Max | Units | Conditions (Note 4) 
Output HIGH Voltage = 7 Vin = ViH (Max) Loading with 
eee pan || om | ow | or VIL (Min) 252 to ~2.0V 
VoHC Output HIGH Voltage 1045 mV Vin = VIH (Min) Loading with 
or ViL (Max) 252 to —2.0V 
VoL Output LOW Voltage —2200 ay — Vin = Vix (Min) Loading with 
Cut-Off State or ViL (Max 252. to —2.3V 
Vin Input HIGH Voltage 1165 S| 080 | mw | Guaranteed HIGH Signal 
for All Inputs 
Vit Input LOW Voltage ~ 1830 a ~ 1490 = ay ena Signal 


A input ow current | oso | | | nA Vv = Vici 


DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to + 85°C 


| Parameter | win | tye | Max__| Units | __Conaitions 


Input HIGH Current 

Common Enable A Vin = VIH (Max) 
Data and Dual Enable B 

Power Supply Current Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to -4.8V, Voc = Voca = GND 





Propagation Delay 2.00 4.30 1.95 4.30 2.00 4.60 
Data to Output 1.00 2.40 1.00 2.40 1.10 2.60 


Propagation Delay 2.30 4.70 2.00 4.70 2.30 5.10 


Dual Enable to Output 1.40 3.00 1.40 3.00 1.40 3.40 


Figures 1 and 2 
Propagation Delay 2.60 5.40 2.50 5.30 2.80 5.80 
Common Enable to Output 1.50 3.20 1.50 3.30 1.50 3.60 


Transition Time 0.70 2.10 0.70 1.80 0.70 2.20 
20% to 80%, 80% to 20% 0.45 1.40 0.45 1.30 0.45 1.40 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 2.00 4.10 1.95 4.10 Me tee 00 4.40 
Data to Output 1.00 2.20 1.00 2.20 1.10 2.40 


2.30 4.50 2.00 4.50 2.30 4.90 a 
Dual Enable to Output 1.40 2.80 1.40 2.80 1.40 3.20 ; 
Figures 1 and 2 
Propagation Delay 2.60 5.20 2.50 5.10 2.80 5.60 
1.50 3.00 1.50 3.10 1.50 3.40 as | 
Transition Time 0.70 2.00 0.70 1.70 0.70 2.10 
20% to 80%, 80% to 20% 0.45 1.30 0.45 1.20 0.45 1.30 





Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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PULSE 
GENERATOR 


Notes: 
Voc. Voca = +2V, Veg = —2.5V 
L1 and L2 = equa! length 509 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Vcc and Vee 
All unused outputs are loaded with 509 to GND 
24 23 22 21 20 19 C, = Fixture and stray capacitiance < 3 pF 

1 Pin numbers shown are for flatpak; for DIP see 

logic symbol 


16 


TL/F/9847-5 
FIGURE 1. AC Test Circuit 


0.7+0.1 ns 


OUTPUT 


cen 


FIGURE 2. Propagation Delay and Transition Times 


TL/F/9847-6 
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100124 


National 
Semiconductor 


F100124 
Hex TTL-to-ECL Translator 


General Description 


The F100124 is a hex translator, designed to convert TTL 
logic levels to 100K ECL logic levels. The inputs are com- 
patible with standard or Schottky TTL. A common Enable 
input (E), when LOW, holds all inverting outputs HIGH and 
holds all true outputs LOW. The differential outputs allow 
each circuit to be used as an inverting/non-inverting transla- 
tor or as a differential line driver. The output levels are volt- 
age compensated. 





Ordering Code: see Sections 


Logic Symbol 


TL/F/9848-3 


Connection Diagrams 


24-Pin DIP 


oon rm UO Fk WwW NY = 


TL/F/9848-1 


When the circuit is used in the differential mode, the 
F100124, due to its high common mode rejection, over- 
comes voltage gradients between the TTL and ECL ground 
systems. The Veg and VT, power may be applied in either 
order. 
Refer to the F100324 datasheet for: 

PCC packaging 

Lower power 

Military versions 


Extended voltage specs (—4.2V to —5.7V) 


Description 


Data Inputs 
Enable Input 


Data Outputs 
Complementary 
Data Outputs 





24-Pin Quad Cerpak 
Do Vm © Vee Ds Dy 


24 23 22 21 20 19 


7 8 9 10 11 12 


QQ VecVecaVeca Q3 
TL/F/9848-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Vee Pin Potential to Ground Pin —7.0V to +0.5V 

please contact the National Semiconductor Sales . . , _ 

Office/Distributors for availability and specifications. Wore Rin ee tential oGreund Pin a BOVINE eN 
Input Voltage (DC) —0.5V to VrtL 


Storage Temperature —65°C to + 150°C 
Output Current (DC Output HIGH) —50 mA 


Maximum Junction Temperature (Ty) + 150°C 5 ae . igo Boy saay 
Case Temperature under Bias (Tc) 0°C to + 85°C perating Range (Vee) (Note 2) ee aa 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


| Parameter |_Min_ | Typ__| Max | Units | Conalitions (Note 4) 
OutputHIGH Voltage | -1025 | -955 | -ss0 | | Vin=Viniwaxy | Loading with 
OutputLow voltage | -te10 | -1705 | -1620 | ia salen 
Output HIGH Voltage Vin = ViniMin Loading with 

mV (Min) 
OutputLowvoltage | | | — 1670 eee eee 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


| _Parameter_ | Min_| 
Output HIGH Voltage | —1020 | 
Output LOW Voltage —1810 


Conditions (Note 4) 


| typ | Max | Units | 
| | -870 | mV Vin = VIH (Max) Loading with 
ae 


or VIL (Min) 502 to —2.0V 


Output HIGH Voltage | -19 | | | =a Vin = VIH (Min) Loading with 
OutputLowvottage || «d= 1508 or Vit (Ma 500 to ~2.0V 


DC Electrical Characteristics 


Vez = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol_| Parameter |_win__| typ | Max | Units 
Output HIGH Voltage | —1035 fw | Vin = Vi (Max) | Loading with 


Conditions (Note 4) 


Output LOW Voltage | -ie30 | —1620 Or VIL (Min) S02 to —2.0V 
OutputHIGH Voltage | 1045 | ||| Vin= Viner) | Loading with 
OutputLowvoltage | |_| 1610 _| ee) ae 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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DC Electrical Characteristics 
VeE = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Vrt_ = +4.5V to +5.5V, To = 0°C to + 85°C 
Symbol Conditions 


Guaranteed HIGH 
Signal for All Inputs 


Guaranteed LOW 
Signal for All Inputs 
lin = —10mA 


Input HIGH Current 
Data 
Enable 


Vin = +2.4V, 
All Other Inputs Vin) = GND 


Vin = +5.5V, 
All Other Inputs = GND 


Input LOW Current 
Vin = +0.4V, 
Data ie aay 


Enable Ail Other Inputs Vin = Vin 


Vee Power Supply Current All Inputs Vin = +4.0V 


Ceramic Dual-In-Line Package AC Electric Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND, Vitt = +4.5V to +5.5V 


0.50 2.90 0.50 3.00 
Figures 1 and 2 
45 1. 


Propagation Delay 


Data and Enable to Output oe ¢ 
45 1 





.0O 
Transition Time 
20% to 80%, 80% to 20% oe es 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND, Vrt_ = +4.5V to +5.5V 


=0oc 
menage ton Per 0.50 280 | 050 270 | 080 2.80 
Data and Enable to Output : 
Figures 1 and 2 
Transition Time 

20% to 80%, 80% to 20% 0.45 1.70 0.45 1.70 0.45 1.70 ns | 
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FIGURE 1. AC Test Circult 
Notes: 
Voo: Voca = +0V, Vee = —4.5V, Vite = +5.0V, Viy = +3.0V 
L1, L2 and L3 = equal length 502 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Voc, Vee and Vrtt 
All unused outputs are loaded with 509 to GND 
C, = Fixture and stray capacitance < 3 pF 


COMPLEMENT 


OUTPUT tary, 


TL/F/9848-6 
FIGURE 2. Propagation Delay and Transition Times 
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100125 


National 
Semiconductor 


F100125 
Hex ECL-to-TTL Translator 


General Description 


The F100125 is a hex translator for converting F100K logic 
levels to TTL logic levels. Differential inputs allow each cir- 
cuit to be used as an inverting, non-inverting or differential 
receiver. An internal reference voltage generator provides 
Vep for single-ended operation or for use in Schmitt trigger 
applications. All inputs have 50 kQ pull-down resistors; 
therefore, the outputs will go LOW when the inputs are left 
unconnected. 


Ordering Code: see Sections 


Logic Symbol 


TL/F/9849-3 


Connection Diagrams 


24-Pin DIP 


omnon Om on tk WN 


TL/F/9849-1 


When used in the differential mode, the inputs have a com- 
mon mode rejection of + 1V, making this device tolerant of 
ground offsets and. transients between the signal source 
and the translator. The Veg and Vrt,_ power may be applied 
in either order. 


Refer to the F100325 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (—4.2V to —5.7V) 


| PinNames | Description 


Data Inputs 


Inverting Data Inputs 
Data Outputs 





24-Pin Quad Cerpak 
Dy Ds Ds Ver Vpg 02 


24 23 22 21 20 19 


7 8 9 10 11 12 


VmmYrVec Vee 82 9% 
TL/F/9849-2 





Absolute Maximum Ratings 

Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Vee Pin Potential to Ground Pin ~7.0V to +0.5V 
please contact the National Semiconductor Sales VttL Pin Potential to Ground Pin + 6.0V to —0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 
Storage Temperature —65°C to + 150°C Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (T,) + 150°C Operating Range (Note 2) —5.7V to —4.2V 
Case Temperature under Bias (Tc) 0°C to + 85°C 


ScLOOL 


DC Electrical Characteristics 
Vee = ~4.5V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


| Parameter | Min. | Typ | Max _| 


Single-Ended Input Guaranteed HIGH Signal for All Inputs 
HIGH Voltage (with One Input Tied to Vgg) 
Single-Ended Input Guaranteed LOW Signal for All Inputs 
LOW Voltage (with One Input Tied to Vg) 

Input LOW Current 0.50 Vin = VIL (Min) 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 
| Parameter | Min. (| Typ | Max | Units | Conditions (Note 4) 
Output Reference Voltage mV lyvaB = —2.1mA 


Single-Ended Input Guaranteed HIGH Signal for All Inputs 
HIGH Voltage (with One Input Tied to Vgp) 


Single-Ended Input - =, Guaranteed LOW Signal for All Inputs 
LOW Voltage iste a eee (with One Input Tied to Va) 


Conditions (Note 4) 


—1150 —880 mV 


| InputLow Curent | oso | | TA | Vv = Yi. vin 


DC Electrical Characteristics 
Vee = —4.8V, Vcc = Voca = GND, Tc = 0°C to +85°C (Note 3) 
| __ Parameter | Min | Typ | Max | Units | Conditions (Note 4) 
Output Reference Voltage Ives = —2.1 mA 


Single-Ended Input Ce - Guaranteed HIGH Signal for All Inputs 
HIGH Voltage be P| 080 |v (with One Input Tied to Va) 
Single-Ended Input = _ Guaranteed LOW Signal for All Inputs 
LOW Voltage ne | | ee (with One Input Tied to Veg) 
PLA | 


Input LOW Current | oso | | Vin = Vit (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘“‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 








Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
VeE = —4.2V to —4.8V unless otherwise specified, Voc = GND, Vrt_ = +4.5V to +5.5V, To = 0°C to +85°C 


Symbol! Conditions 
Vou 
Vou 
Voire 150 
Permissible +Vcoy 


Vom Common Mode Voltage Vv 
with Respect to Vag 
(is Input HIGH Current = a | Vin = Vin (wax) Do-Ds = Ves, 


Do-Ds = VIL (Min) 
li Vin = Vi (Min) Do-Ds = Ves 
los Output Short-Circuit Current Vout = GND* 
lec___|_VeePower Supply Current | —85 | —40 Do-Ds = Vea 


ITT Vt Power Supply Current Pe 115 Do-Ds = VeB 


*Test one output at a time. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = GND, VTL = +4.5V to +5.5V 


Propagation Delay | 95) 350 | 090 370 | 1.00 4.00 Figures 1 and 2 
Data to Output 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = GND, Vtt_L = +4.5V to +5.5V 


Propagation Delay 
Data to Output 0.80 3.30 0.90 3.50 1.00 3.80 Figures 1 and 2 


Truth Table 





HIGH Voltage Level 
LOW Voltage Level 
Undefined 
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FIGURE 1. AC Test Circuit 
Notes: 
Voc = OV, Vee = —4.5V, VTL = +5V 
L1 and L2 = equal length 502 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Voc, Vee and Vtti 
All unused outputs are loaded with 500 to GND 
CL = Fixture and stray capacitance = 15 pF 


0.7+0.1 ns 0.7+0.1 ns 


ATTENUATED 
OUTPUT 


FIGURE 2. Propagation Delay Times 
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100126 


National 
Semiconductor 


F100126 
9-Bit Backplane Driver 


General Description 


The F100126 contains nine independent, high-speed, buffer 
gates each with a single input and a single output. The 
gates are non-inverting. These buffers are useful in bus-ori- 
ented systems where minimal output loading or bus isola- 


Ordering Code: see Sections 


Logic Symbol 


0, ——_f>——- 0 
b, ——_{>——— 0» 
0: ——[>——- 0; 
Ds ——{>—— 04 
r——— 


Ds ——[>——- 
o, —_[>——-0, 
0s -_—_[>——- 01 
» ——[>——0, 


TL/F/9850-3 


Connection Diagrams 
24-Pin DIP 


oan OO fF WD 


—_——_ 
nun =~ Oo 


TL/F/9850-1 


tion is desired. The output transition times are longer to min- 
imize noise when used as a backplane driver. All inputs 
have 50 kf. pull-down resistors. 


| PinNames | ___Deseription 


D;-Dg 
01-Og 





Data Inputs 
Data Outputs 


24-Pin Quad Cerpak 
Dg Dg Voca Ver 07 Og 


24 23 22 21 20 19 


7 8 9 10 11 12 


01 O9 VecVeca% 07 
TL/F/9850-2 





Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 


DC Electrical Characteristics 


0°C to + 85°C 
—7.0V to +0.5V 
Veg to + 0.5V 
~—50 mA 

—5.7V to —4.2V 


Case Temperature under Bias (Tc) 
Veg Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 


Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to +85°C (Note ey 


VOHC Output HIGH Voltage = ae 
VoLc Output LOW Voltage 


Vi Input HIGH Voltage 1165 


VIL Input LOW Voltage ~1810 2 


lit Input LOW Current 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to +85°C (Note ae 


Symbol Sytem — ef Be 
VoH Output HIGH Voltage — 1020 
Output LOW Voltage —1810 


Vou Output HIGH Voltage —1025 Vin = VIH (Max) 
VoL Output LOW Voltage —1810 = a ee or ViL (Min) 


- er Vin = ViH (Max) 
ee on 


Vin Input HIGH Voltage Zee i tl 


Conditions (Note 4) 
Loading with 
50 to —2.0V 


Loading with 
509 to —2.0V 


Vin = VIH (Min) 
or VIL (Max) 
Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


—+- Vin = VIL (Min) 


Conditions (Note 4) 


Loading with 
50 to —2.0V 


Loading with 
500 to —2.0V 


Vin = VIH (Min) 
or Vit (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 


9ZLOO! 


ears 
VIL Input LOW Voltage ~1810 es ~1475 ier 


m__| tnputhowcurrent | oso [ | | nA 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol [| __ Parameter | Min’ =| Typ [| Max | Units | 
Vorc__| OutputLowvoltage | | | — 1610 | 


Vit Input LOW Voltage ~1830 = ~1490 Pn 


n InputLOw Current | 0.50 | | | A | iv = Vici 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or = its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these ‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


for All Inputs 
Vin = VIL (Min) 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or ViL (Min) 


Loading with 
500 to —2.0V 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, Tc = 0°C to + 85°C 


|__ Parameter | oMin. | typ | Max | units | Conditions 
input HIGH Ourent | | | acoA | Vin = Vin ey 
PowerSuppyCurent_ | -96 | -70 | -46 | ma __| inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Data to Output Figures 1 and 2 


Transition Time 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


eee peek 
Data to Output Figures 1 and 2 
Transition Time 

20% to 80%, 80% to 20% 1.15 3.30 1.15 3.30 1.05 3.30 ate 


0.7+0.1 ns eae ns 





PULSE 
GENERATOR OUTPUT 


at lees 


TL/F/9850-5 TL/F/9850-6 
FIGURE 1. AC Test Circuit FIGURE 2. Propagation Delay and Transition Times 


Notes: 

Voc: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 5029 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 509 to GND 
C, = Fixture and stray capacitance < 3 pF 
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National 
Semiconductor 


F100128 


8c 001 


ECL/TTL Bi-Directional Translator 


General Description 


The F100128 is an octal latched bi-directional translator de- 
signed to convert TTL logic levels to 100K ECL logic levels 
and vice versa. The direction of this translation is deter- 
mined by the DIR input. A LOW on the output enable input 
(OE) holds the ECL outputs in a cut-off state and the TTL 
outputs at a high impedance level. A HIGH on the latch 
enable input (LE) latches the data at both inputs even 
though only one output is enabled at the time. ALOW on LE 
makes the F100128 transparent. 


The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-fol- 
lowers to turn off when the termination supply is —2.0V, 
presenting a high impedance to the data bus. This high im- 
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. 


Ordering Code: see Sections 


Logic Symbol 


To Ty Tg T3 Te Ts 15 17 
F100128 
Ey Ey Ep Es Ey Es Es £7 


TL/F/9851-3 


Connection Diagrams 
24-Pin DIP 


oon nanrkrk Wh — 


— —_ wt 
no =~ & 


TL/F/9851~1 





The F100128 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 kN pull-down resistors. 


Features 
@ Bi-directional translation 
m ECL high impedance outputs 
m Latched outputs 
m FAST® TTL outputs 
@ TRI-STATE® outputs 
Refer to the F100328 datasheet for: 
PCC Packaging 
Lower Power 
Military Versions 
Extended voltage specs (—4.2V to —5.7V) 


Description 


ECL Data I/O 
TTL Data I/O 


Output Enable Input 
Latch Enable Input 
Direction Control Input 





All pins function at 100K ECL levels except for Tg-T7. 


24-Pin Quad Cerpak 
Eg LE Voc Veg Ven. To 


24 23 22 21 20 19 


7 8 9 10 11 12 


Ez OE VopVoca DR Tz 
TL/F/9851-2 
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100128 


Functional Diagram 


(LE) LATCH ENABLE 


(DIR) ECL/TTL 
(OE) OUTPUT ENABLE 


ape] eTe 


ed 


Note: LE, DIR and OE use ECL logic levels 


SEE DETAIL 


TL/F/9851-4 
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Detail 


ECL-TTL 


TTL 
TRANSLATOR OUTPUT BUFFER 


ECL 
OUTPUT 
BUFFER 


TRANSLATOR 


LATCH 
ENABLE 


OUTPUT 
ENABLE 


TL/F/9851-5 


Truth Table 


LOW 
(Cut-Off) 


L ree ee 


LOW 
- (Cut-Off) 


ea 
Ea I 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 

Z = High Impedance 





Note 1: ECL input to TTL output mode. 

Note 2: TTL input to ECL output mode. 

Note 3: Retains data present before LE set HIGH. 
Note 4: Latch is transparent. 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature +150°C 
Case Temperature under Bias 0°C to +85°C 


Vee Pin Potential to 
Ground Pin 


Vtt Pin Potential to 
Ground Pin 


ECL Input Voltage (DC) 


ECL Output Current 
(DC Output HIGH) 


TTL Input Voltage (Note 2) 
TTL Input Current (Note 2) 


—7.0V to +0.5V 


+6.0V to —0.5V 
Veg to +0.5V 


~—50mA 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


Voltage Applied to Output 
in HIGH State 
TRI-STATE Output 


Current Applied to TTL 

Output in LOW State (Max) Twice the Rated Io, (mA) 
Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Case Temperature 


Supply Voltage (Note 1) 
VEE —5.7V to —4.2V 
VTTL +4.5V to +5.5V 

Note 1: Parametric values specified at Veg = —4.2V to —4.8V. 


0°C to + 85°C 


TTL-to-ECL DC Electrical Characteristics 


Veg = —4.2V to —4.8V, Voc = Voca = GND, To = 0°C to + 85°C, Vrz_ = +4.5V to +5.5V 


Symbol 


Output High Voltage 


Output Low Voltage 


Cutoff Voltage 


Output High Voltage 
Corner Point High 


Output Low Voltage 
Corner Point Low 


Input High Voltage 
Input Low Voltage Noses. we 
Input High Current ee, 


Breakdown Test 





Input Clamp 
Diode Voltage 


Vee Supply Current | 250 | 


3-63 


Conditions 


Ver = —4.2V, 509 to —2V 
Veg = —4.5V, 509 to —2V 
Vee = —4.8V, 509 to —2V 


—4.2V, 500 to -2V 
VeE = —4.5V, 50 to —2V 
Vee = —4.8V, 50 to —2V 


OE or DIR Low, 

Veg = —4.2V, 50 to —2V 
Vee = —4.5V, 500 to —2V 
Vee = —4.8V, 50 to —2V 


Vee = —4.2V, 509 to —2V 
VeE = —4,5V, 500 to —2V 
Vee = —4.8V, 500 to —2V 


Vee = —4.2V, 502 to —2V 
VEE = —4.5V, 509 to -2V 
Vee = —4.8V, 502 to —2V 


Over Vrtt, VEE, Tc Range 


VEE = 


3 
< 


333 
<<< 


333 
<<< 


Over Vrti, VEE, Tc Range 
VIN = +2.7V 
Vin = +5.5V 
Vin = +0.5V 


3 ye 


ro) 
3 
> 


—1.2 


lin = —18mA 


LE Low, OE and DIR High 
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ECL-to-TTL DC Electrical Characteristics 


VeE = —4.2V to —4.8V, Voc = Voca = GND, To = 0°C to + 85°C, CL = 50 pF, VrTL = +4.5V to +5.5V 


Symbol a ee Se Conditions 

Vou Output High Voltage 2.7 3.1 lon = —3mMA, VoL = 4.75V 
2. pe onl 9 lon = —3 MA, VrtL = 4.50V 

VoL | Output Low Voltage _| Low Voltage lo, = 24 MA, Vrt_ = 4.50V 


Vin Input High Voltage a Vee = —4.2V 
—880 Vee = —4.5V 
—880 Vee = —4.8V 


VIL Input Low Voltage —1475 Vee = —4.2V 
— 1475 Vee = —4.5V 
— 1490 Vee = —4.8V 


hi input High Current | || 200 || Vi = Vin (Meno 
n input LowGurent_ | oso | | — Vin = Vi (ain) 


lozHT TRI-STATE Current _ 

Output High Vout = +2.7V 
lozLT TRI-STATE Current = Z 

Output Low 1.0 mA Vout = +0.5V 


los Output Short-Circuit 
Current 





Vout = 0.0V, VitL = +5.5V 


ItTL VrtL Supply Current TTL Outputs Low 
TTL Outputs High 
TTL Outputs in TRISTATE 


Cerpak TTL-to-ECL AC Electrical Characteristics 
Vee = —4.2V to —4.8V, VrtL = +4.5V to +5.5V 


tpHL (Transparent) He 1 37 : : 


he LE to E, : 4.6 2.2 4.6 Figures 1 & 2 
L 


4.3 : 
tPHz : : : f Figures 1&2 
tPHZ Figures 1&2 


tot Figures 1 & 2 


thold Figures 1&2 


tpw(H) Pulse Width High, LE Figures 1 & 2 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


Figures 1 & 2 


Figures 1 & 2 
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Cerpak ECL-to-TTL AC Electrical Characteristics 


Ver = —4.2V to —4.8V, Vit_ = +4.5V to +5.5V, CL = 50 pF 


Min Max_| 
ise eae a = Ze ie a. 2] me Figures 3&4 
a 2 18 a [3 [= [ome 
= ee fs ts [ae a8 | m | vomwaas 
ter | entoue | Figures 3& 4 


thd | fotoue _| os ___ ag gg fs Figures 3 & 4 
tow) | PulseWidthHigh te | 20 | 20 | 20 | ns | Figures aaa 


8cL001 


Ceramic Dual-In-Line Package TTL-to-ECL AC Electrical Characteristics 
Vee = —4.2V to —4.8V, VigzL = +4.5V to +5.5V, Voc = Voca = GND 


'PLH Ty to Ep ie 3.3 10 33 10 33 
tPHL (Transparent) 3.7 11 3.7 1.4 4.3 Figures 1&2 


nt : : : z : Pewee 142 


tet Tn to Le 5a aes RE 7 ERT ee STA Figures 1 & 2 
thoi _|_ TntoLe 22 __} #0 22 Figures 1&2 
toa) | Pulse Wan igh LE pe ft gues 142 


tTLH Transition Time ‘ 
@. 
tro 20% to 80%, 80% to 20% GUEST Ae 





100128 


Ceramic Dual-In-Line Package ECL-to-TTL AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Vit_ = +4.5V to +5.5V, Voc = Voca = GND, Cy = 50 pF 


| Gano | 6 S8 | Es SS | 25 eo | me | ramcae 
a Ee cee 
Be so 7s | so 75 | 85 88 | ns | riguesaas 
= eas [ae SS SBE | rameoas 
ie ae eee ee ae 


thola EntoLe 35 | 8s 8s | Figures 9a 
tow) | PulsoWidthHigh te | 20 | 20 | 20 | ns | Figures 34 


Vin = 5V 


ae oaoereewerwraewreaeea 


e 
( 
t 
( 
( 
‘ 


LE DIR OE TERMINATOR 


1 
' 
' 
' ECL 
' 
: =4V NET 


Cewmmewmrereeeewee ae 


beawraeewree2ereweeweac @ 


ECL 
t TERMINATOR 


NET 
ara (SEE CIRCUIT SHOWN 
‘ BELOW) 


Fr_7 TTL FORCING FUNCTION 
F ec, ECL FORCING FUNCTION 
TL/F/9851-6 


0.95 


Feet 
500, 


502. 





~4V os ECL 
TERMINATOR 


NET 
FIGURE 1. TTL to ECL AC Test Circuit 


. 
' 
' 
' 
' 
' 
' 
S/H : 
' 
' 
' 
' 
' 
' 
e | 


TL/F/9851-12 
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TTL DATA 


821001 


LATCH ENABLE 


DIRECTION CONTROL 


OUTPUT ENABLE 


ECL OUTPUT 


ts th tpuz tpuz tezu 
TL/F/9851-7 
FIGURE 2. TTL to ECL Transition—Propagation Delay and Transition Times 


Vii = SV 


wee wenwreraewoeewoae ere 24 


~.95 


Feet 


LE DIR OE 


e 
t) 
1 
1 
‘ 
t 
1 
i} 
) 
t 
| 
( 
t 
i) 


-4V = ECL 
t TERMINATOR 


L] 
bCbawewnwnwraenwawweaerwaavea = 4 


NET 


TERMINATOR 
NET 
(USE CIRCUIT SHOWN ABOVE) 


Feo, = ECL FORCING FUNCTION 
TL/F/9851-8 
Cy = 50 pF including stray and jig capacitance. 
Note: 502 to ground termination must be Included on ECL !/O pins not monitored by a 509 scope to prevent oscillatory feedback. 


FIGURE 3. ECL-to-TTL AC Test Circuit 
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100128 


trp ts. th tep 


TL/F/9851-9 
Note: DIR is LOW, OE is HIGH 
FIGURE 4. ECL-to-TTL Transition—Propagation Delay and Transition Times 


OUTPUT 
ENABLE 


TTL 
OUTPUT 


TTL 
OUTPUT 


TL/F/9851-13 
Note: DIR is LOW, LE is HIGH 
FIGURE 5. ECL-to-TTL Transition; OE to TTL Output, Enable and Disable Times 


DIRECTION 
CONTROL 


TTL 
OUTPUT 


TL/F/9851-14 
Note: OE and LE are HIGH 
FIGURE 6. ECL-to-TTL Transition; DIR to TTL Output, Disable Time 
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SYSTEM OUTPUT DATA BUS (ECL) 


SYSTEM ADORESS BUS (ECL) 


SYSTEM CONTROL BUS (ECL) 


Ft00160 
PARITY 
GEN. 


F100128 


F100170 
DECODER 


WRITE CONTROL 
INPUT DATA STROBE 
ENABLE OUTPUT DATA 
MEMORY READ DATA LATCH STROBE 


F100128 | pspry 


PARITY DATA 
DATA o/P 
VP 


CACHE 
F1600 - 45ns 
512 KBYTE 
MEMORY ARRAY 


F100128 
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F100128 


F100160 
PARITY 
CHECKER 


OUTPUT DATA 
LATCH 


F100128 


SYSTEM INPUT DATA BUS (ECL) 


SYSTEM CONTROL BUS (ECL) 


TL/F/9851-10 


FIGURE 5. Applications Diagram—MOS/TTL SRAM Interface Using F100128 ECL-TTL Latched Translator 
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National 
Semiconductor 


F100130 
Triple D Latch 


General Description 


The F100130 contains three D-type latches with true and 
complement outputs and with Common Enable (Ec), Master 
Set (MS) and Master Reset (MR) inputs. Each latch has its 
own Enable (E,), Direct Set (SD,) and Direct Clear (CD,) 
inputs. The Q output follows its Data (D) input when both E, 
and Ec are LOW (transparent mode). When either E,, or Ec 


Ordering Code: see Sections 
Logic Symbol 


TL/F/9852-3 


Connection Diagrams 
24-Pin DIP © 


oaont Om nN FF WPF 


TL/F/9852-1 


(or both) are HIGH, a latch stores the last valid data present 
on its D, input before E, or Ec goes HIGH. 

Both Master Reset (MR) and Master Set (MS) inputs over- 
ride the Enable inputs. The individual CD, and SD, also 
override the Enable inputs. All inputs have 50 kN. pull-down 
resistors. 


Individual Direct Clear Inputs 
Individual Direct Set Inputs 

Individual Enable Inputs (Active LOW) 
Common Enable Input (Active LOW) 


Data Inputs 

Master Reset Input 

Master Set Input 

Data Outputs 
Complementary Data Outputs 





24-Pin Quad Cerpak 
D, SD, MR Veg Eo MS 


24 23 22 21 20 19 


7 8 9 10 11 12 





Q) Q2 VocVecaQs 2% 
TL/F/9852-2 
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Logic Diagram 


Truth Tables (Each Latch) 
Latch Operation 


Latched* 
Latched* 


*Retains data presented before E positive transition 
H = HIGH Voltage Levet 

L = LOW Voltage Level 

X = Don't Care 

U = Undefined 
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‘Asynchronous Operation 


TL/F/9852-5 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (T)) + 150°C 


DC Electrical Characteristics 


0°C to +85°C 
—7.0V to +0.5V 
Veg to +0.5V 
—50 mA 

—5.7V to —4.2V 


Case Temperature under Bias (Tc) 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 


Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol Parameter 

VoH Output HIGH Voltage 
VoL Output LOW Voltage 
VouHc Output HIGH Voltage 
VoLc Output LOW Voltage 


ViH Input HIGH Voltage 


VIL Input LOW Voltage 


i Input LOW Current 


DC Electrical Characteristics 


[win [Ty 
1028 [955 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or ViL (Min) 


Loading with 
5029 to —2.0V 


Vin = ViH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All inputs 


Vee = —4.2V, Voc = Voca = GND, To = O°C to +85°C (Note 3) 


Symbot_[ Parameter | win | Typ | Wax | Unke 
ae a? 


VoHC 
VoLc 
Vin Input HIGH Voltage 


| 
en [ 
aa 


DC Electrical Characteristics 


ViL Input LOW Voltage 


lit Input LOW Current 


| OutputLowVottage | | |= 1595 _| 


—870 


iss 


=m 


Conditions (Note 4) 
Vin = Vin (Max) Loading with © 
or VIL (Min) 500 to —2.0V 


Loading with 
500. to ~2.0V 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vit (Min) 


VEE = ~4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


[in [Tye 
P1008 
[1800 | 
P1066 
ee eal 

Pd 


Symbol Parameter 

Vou Output HIGH Voltage 
VoL Output LOW Voltage 
VoHC Output HIGH Voltage 
VoLc Output LOW Voltage 
Vin Input HIGH Voltage 


VIL Input LOW Voltage 


lit Input LOW Current 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = Vin (Max) 
or ViL (Min) 


Loading with 
502 to —2.0V 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


P| A | Vin = Viv nti 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcoca = GND, Tc = 0°C to +85°C 


| Parameter | Min. | Typ | Max__| Units | Conditions 


Input HIGH Current 
350 
C 530 BA Vin = VIH (Max) 
240 
Ec, MR, MS 450 


Power Supply Current Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


sib parameter To= +85°¢ t= 4858 unte Conditions 


in Sane, [eo ae hears 
PHL Pp Pp Figures 7 and 2 


tPLH Propagation Delay 065 210 | 075 200 | 075 2.10 
tpHL Ec to Output 


tpLH Propagation Delay 
tpHL CD, SDp, En to Output 


tPLH Propagation Delay 1.10 250 | 110 240 | 1.10 260 joe | Figures 1 and 2 


0.50 2.00 0.60 1.75 0.60 2.00 Figures 1, 2and 3 


tpHL MS, MR to Output 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


ts Setup Time 


Figures 1 and 2 


Do-Da 
CDn, SDp (Release Time) 
MR, MS (Release Time) 


in| Hole Time Dp-Ds ET aa , Free \wreuee 


tow(L) Pulse Width LOW 
En, Ec 


Figures 3 and 4 


Figure 2 


tow(H) Pulse Width HIGH 


CDrp, SD7, MR, MS Figure 3 
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100130 


Cerpak AC Electrical Characteristics ve_ = —4.2v to —4.8v, Vcc = Voca = GND 


tPLH Propagation Delay D,, to 0.50 
tpHL Output (Transparent Mode) . 


Figures 1 and 2 
teLH Propagation Delay 
= : 1. . . : : 
tpHL Ec to Output aes a 
tpLH Propagation Delay 
tpHL CDnp, SDp, Ep to Output 
tpLH Propagation Delay 


tpHL MS, MR to Output 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


0.50 1.80 ; ; 5 ; Figures 1, 2and 3 
1.10 2.30 Z : : 2. Figures tand 3 


Figures 1 and 2 


ts Setup Time 
Do-Do 


CD, SDpn (Release Time) Figures 3 and 4 


MR, MS (Release Time) 


th Hold Time Do-Doa ; Figure 4 


tow(L) | Pulse Width LOW 
En, Ec 

tow(H) Pulse Width HIGH 
CDp, SDp, MR, MS 





Figure 2 


Figure 3 


PULSE 
Voc: Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 502 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Voc and Vee 
All unused outputs are loaded with 509 to GND 


PULSE C. = Fixture and stray capacitance < 3 pF 


GENERATOR 


TL/F/9852-6 
FIGURE 1. AC Test Circuit 


0.7 +0.1 ns 


| aot ennent etek \ 


Ne ee we oe ee ee on oe oe we Nee ce oe eee re oe es oe oe oe om + ),31 V 


ENABLE TRANSPARENT LATCHED 


teHL 
teLH 


=a on oe ee ee 


OUTPUT 


TL/F/9852-7 
FIGURE 2. Enable Timing 
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Peres eee ew eee ee= 


oem ee ee ee ee we ee ee ee ee es 


ENABLE TRANSPARENT LATCHED TRANSPARENT 


ts(RELEASE TIME) 


RESET/SET 


tpHe 
teLH 


pee 


OUTPUT 
/ 


re | No ae cee cee ee oe oe ee ee ee 


TL/F/9852-8 
FIGURE 3. Reset Timing 


Notes: 

ts is the minimum time before the transition of the enable that information 
must be present at the data input. 

th is the minimum time after the transition of the enable that information must 


Le > | < th > | remain unchanged at the data input. 


TL/F/9852-9 
FIGURE 4. Data Setup and Hold Time 
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National 
Semiconductor 


F100131 
Triple D Flip-Flop 





General Description 


The F100131 contains three D-type, edge-triggered master/ 
slave flip-flops with true and complement outputs, a Com- 
mon Clock (CPc), and Master Set (MS) and Master Reset 
(MR) inputs. Each flip-flop has individual Clock (CP,,), Direct 
Set (SD,) and Direct Clear (CD,) inputs. Data enters a mas- 
ter when both CP, and CPco are LOW and transfers to a 
slave when CP, or CP¢ (or both) go HIGH. The Master Set, 


Ordering Code: see Sections 


Logic Symbol 


TL/F/9853-3 


Connection Diagrams 


24-Pin DIP 


onont OU FR WwW DH 


—_—_— —- 
nu + O&O 


TL/F/9853~1 


Master Reset and individual CD, and SD, inputs override 
the Clock inputs. All inputs have 50 kN pull-down resistors. 
Refer to the F100331 datasheet for: 

PCC packaging 

Lower power 

Military versions 

Extended voltage specs (—4.2V to —5.7V) 


|_PinNames | Description 


Individual Clock Inputs 
Common Clock Input 

Data Inputs 

Individual! Direct Clear Inputs 


Individual Direct Set Inputs 
Master Reset Input 

Master Set Input 

Data Outputs 
Complementary Data Outputs 





24-Pin Quad Cerpak 
D, SD; MR Vep CP MS 


24 23 22 21 20 19 


7 8 9 10 11 12 





Q Q2 Voc VecaQs 2 
TL/F/9853-2 
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Logic Diagram 


CDo SD; 


Truth Tables (Each Flip-Flop) 


Synchronous Operation 


HIGH Voltage Level 
LOW Voltage Level 


t = Time before CP Positive Transition 
t+1 = Time after CP Positive Transition 
~~ = LOW to HIGH Transition 


Dy 


CP, 


ie) 
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CP 


CD; SD2 D2 CP2CPco CD2 


TL/F/9853-5 


Asynchronous Operation 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Ver to +0.5V 


plorage: emesis Tee Ge S0'G Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Symbol Se Conditions (Note 4) 
VoH Output HIGH Voltage —1025 | -955 | —880 | Vin = VIH (Max) Loading with 
VoL Output LOW Voltage 1810 | -1705 | —1620 or Vit (Min) 502 to -2.0V 


VoHc OutputHIGH Voltage | -10395 | | | Vin = Vin(Miny | Loading with 
Voie Output LOW Voltage ——+— ; —1610 or Vib (Max) i eiealninad 


Vin Input HIGH Voltage ae Guaranteed HIGH Signal 
VIL Input LOW Voltage Za Guaranteed LOW Signal 


rn Input LOW Current oe lo Vin = Vie vin 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol_| Parameter | Min | Typ | Max | Units | Conditions (Note 4) 
VoH Output HIGH Voltage — 1020 —— Vin = VIH (Max) Loading with 
VoL Output LOW Voltage — 1810 or ViL (Min) 500 to —2.0V 


Vouc Output HIGH Voltage | —1030 5p BS Vin = Vin (min) | Loading with 
Vouc OutputLowVoltage [| | | —1595 or VIL (Max) Sue eee 


ViH Input HIGH Voltage 2 _ Guaranteed HIGH Signal 
ne 679 me for All Inputs 
VIL Input LOW Voltage = Guaranteed LOW Signal 


Ne Input LOW Current Os aa Vin = Vit (Min) 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol aT ee ee Conditions (Note 4) 

VoH Output HIGH Voltage | -1035 | = | —880 | Vin = Vin(Maxy | Loading with 
VoL Output LOW Voltage | -1830 | = | —1620 or Vi. (Min) eee eey 
VoHC Output HIGH Voltage — 1045 Ms thks 4 ll Vin = VIH (Min) Loading with 
Vouc OutputLOw Voltage | =| | 1610 or Vit (Max) BORO aN 


ViH Input HIGH Voltage = _ Guaranteed HIGH Signal 
Vit Input LOW Voltage 1830 1490 Guaranteed LOW Signal 
for All Inputs 


ht Input LOW Current | oso | | | A | Vin = Yin win 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or = its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Veg = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to +85°C 


ee ee ee ee ee Conditions 


Input HIGH Current 
CPh, Dr 
MS, MR, CPc Vin = VIH (Max) 
CDn, SDp ' 


Power Supply Current__ | - 149 | = 106 | =74 | mA _|_ Inputs Open 


LELOOl 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Veg = —4.2V to —4.8V, Voc = Voca = GND 


fax _| Toggle Frequency | 8 ss MHz | Figures 2and 9 


tPLH Propagation Delay sia 
tPHL CPc to Output ead 
tpLH __.| Propagation Delay ae 
tPHL CPp to Output 
80 


tpLH Propagation Delay = 

on CD, SD, to Output 0.7 9 0.7 7 0.7 1. CP,, CPg = L 

ides ; 2.10 | 0.70 2.00 | 0.70 2.20 CP,, CPo = H 

PHL Figures 
tpLH Propagation Delay = 1 and 4 
eek MS, MR to Output ; 2 1.10 260 | 1.10 2.70 CPp, CPo = L 

tPLH ; 05 | 1.05 2.95 | 1.05 3.05 CP,, CPo = H 

tPHL 


tTLH 

tTHL 

ts Setup Time 
Dn "1 0.90 
CDp, SDp (Release Time) | 1.50 
MS, MR (Release Time) 2.50 : : Figure 4 


th Hold Time Dy, 


tow(H) Pulse Width HIGH 
CPr, CPc, CDn, Figures 3and 4 
SD,, MR, MS 


Figures 1,3 and 4 


Figure 5 
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Cerpak AC Electrical Characteristics v-_ = —4.2v to —4.8V, Voc = Veca = GND 


fmax | Toggle Frequency | sso | 50 | 880 | Mz | Figures anda 

hes piel 0.75 2.20 | 075 1.95 | 0.70 2.10 js | 

PHL c P Figures 1 and 3 

tpLy Propagation Delay 

ee hee ound 0.70 200} 070 180] 0.70 2 

tpLH Propagation Delay = 

ellen con weuntk 0.70 1.70 | 070 1.50 | 0.70 1.60 CPp, CPg = L 

seh CPp, CPo = 

al Figures 
CP,,CPo=L | 7and4 

'PLH CP,, CPo = H 

tPHL 

Teer) | arensilon tine 0.45 200 | 045 1.60 | 045 1.70 Figures 1, 3 and 4 

tru, | 20% to 80%, 80% to 20% | a 


ts Setup Time 
Dn 
CDn, SDp, (Release Time) 
MS, MR (Release Time) 


tn__| Hold Time Dp pase [ose [aro | wo 


tPLH Propagation Delay 
tpHL MS, MR to Output 


Figure 5 


Figure 4 





tow(H) Pulse Width HIGH 
CP, CPc, CDn, Figure 3 and 4 
SD,, MR, MS 
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DELAYED 
PULSE 
GENERATOR 


PULSE 
GENERATOR 


TL/F/9853-6 
FIGURE 1. AC Test Circuit 


PULSE 
GENERATOR 


TL/F/9853-7 
FIGURE 2. Toggle Frequency Test Circuit 


Note: 
Veo: Veca = +2V, Veg = —2.5V 

~ L1 and L2 = equal length 50 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 .F from GND to Vcc and Veg 
All unused outputs are loaded with 509 to GND 
Cy = Fixture and stray capacitance < 3 pF 
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j~<t— 0.7 + 0.1 ns 
+ 1.05 V 
80% 


\ 
50% 


20% 
+0.31V 


OUTPUT 


OUTPUT 


{TLH {THL 


FIGURE 3. Propagation Delay (Clock) and Transition Times 


0.7 +0.1ns 


t, (RELEASE TIME) 


OUTPUT 


tPHL 


80% 


OUTPUT 50% 
20% 


FIGURE 4. Propagation Delay (Resets) 
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TL/F/9853-8 


TL/F/9853-9 





LELOOL 


oe 


50% 


TL/F/9853-10 


FIGURE 5. Data Setup and Hold Time 


Note: 


ts is the minimum time before the transition of the clock that information must be present at the data input. 
th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 
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National 
Semiconductor 


F100135 
Triple J-K Flip-Flop 


General Description Features 

The F100135 contains three J-K, edge-triggered master- ™@ Toggle frequency 750 MHz Typical 
slave flip-flops with true and complement outputs. All have m Propagation delay 2.2 ns max 
individual Clock (CPp), Clear (Cp), and Set (Sp) inputs. ™ Outputs specified to drive a 502, load 
Clocking occurs on the rising edge of CPp. All inputs have 

50 kf, pull-down resistors. 


Ordering Code: see Sections 


Logic Symbol 


| _PinNames | Description 


Cp CPo CP1 CP2 Jo Ko Ji Ki Jo Ko Jo-Je J Inputs 
ss Ko-Ko K Inputs 
: So-Se Direct Set Inputs 
C2 Co-Ca Direct Clear Inputs 
F100135 CPo-CP2 Clock Inputs 
So Qo-Q2 Data Outputs 
$1 Qo-Qe Complementary Data Outputs 





S2 


TL/F/9854-3 
Connection Diagrams 
24-Pin DIP 24-Pin Quad Cerpak 


CP, Jy Ky Veg Sy Ko 


24 23 22 21 20 19 


7 8 9 10 11 12 


oon oak WP -— 





Qy Q Veo Vera 24 


_—_— 
= Oo 


TL/F/9854-2 


= 
ND 


TL/F/9854—-1 
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Logic Diagram 


Truth Tables (Each Flip-Flop) 


Synchronous Operation 


X 
xX 
X 


+ 


HIGH Voltage Level 

LOW Voltage Level 

Don't Care 

Undefined 

Time before CP Positive Transition 

1 = Time after CP Positive Transition 
= LOW-to-HIGH Transition 


-“-"-CxKXOL 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Vee to +0.5V 


Storage ‘Fempereiure —65°C to + bees Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) . + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | Min. | Typ | Max 
| = 1025 | 


VoH Output HIGH Voltage —880 Vin = VIH (Max Loading with 
mV (Max) 


VoL Output LOW Voltage —1810 —1705 —1620 or VIL (Min) 502 to —2.0V 
mV VIN = VIH(Min) Loading with 


Typ 
Vouc OutputLowvoltage | [| | —1610 oF ViL (Max) Sor eoY 
= Guaranteed HIGH Signal 


Conditions (Note 4) 


Vin Input HIGH Voltage 
Input LOW Voltage ~ 4810 4475 sayy Guaranteed LOW Signal 
for All Inputs 
pA Vin = VIL (Min) 


Input LOW Current | 0.50 


DC Electrical Characteristics 
VeE = —4.2V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol Parameter 


VoH Output HIGH Voltage 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 


my or ViL (Min) 502 to —2.0V 


| Max | 
VoL Output LOW Voltage 


az 
P| = 1608 | 
VoHc OutputHIGH Voltage | -1030 | | 
VoLc Output LOW Voltage fT = t595 | 
hd Guaranteed HIGH Signal 
a 


a VIN = VIH (Min) Loading with 
or ViL (Max) 502 to —2.0V 


Vin Input HIGH Voltage 7 = 
1138 ils nN for All Inputs 


41475 fai Guaranteed LOW Signal 
for All Inputs 
pA | 


VIL Input LOW Voltage ~1810 


Wie Input LOW Current Vin = Vit (Min) 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Vin = VIH (Max) Loading with 
mV 


Symbol Parameter 


Vou Output HIGH Voltage — 1035 
VoL Output LOW Voltage — 1830 
Vou Output HIGH Voltage | —1045 fF 
Vouc OutputLOW Voltage | =| | —1610 or ViL (Max) 500 to —2.0V 


ViH Input HIGH Voltage 41165 —880 BY Guaranteed HIGH Signal 
for All Inputs 
VIL Input LOW Voltage 1830 mV Guaranteed LOW Signal 
for All Inputs 
eee 


lit Input LOW Current | 050 | Vin = VIL (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at -4.2V to —4.8V. 


Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these ‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Conditions (Note 4) 


—1620 or Vit (Min) 502 to —2.0V 


Vin = VIH (Min) Loading with 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, Tc = 0°C to +85°C 


Parameter 


Input HIGH Current 
All Inputs 


Ceramic Dual-In-Line Package AC Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Toggle Frequency 


Propagation Delay 


CP,, to Output 0.70 2.20 0.70 2.00 0.70 2.20 


Propagation Delay 
Cn, Sp to Output 0.90 1.80 0.90 2.00 0.90 2.40 


Transition Time 
20% to 80%, 80% to 20% 0.30 1.40 0.30 1.40 0.30 1.40 


Setup Time 

Jn, Ky to CP, 

Cn, Sp (Release Time) 
Hold Time 

Jn» Kn to CP, 


Pulse Width HIGH 
CP, Cr, Sn 


Cerpak AC Characteristics 
Vee = —4.2V to —4.8V, Vcc = Voca = GND 


Toggle Frequency | as0_— | 650 | 50M 


Propagation Delay 
CP, to Output 0.70 2.00 0.70 1.80 0.70 2.00 


Propagation Delay 
Cr Sp to Output 0.90 1.60 0.90 1.80 0.90 


Transition Time 
20% to 80%, 80% to 20% | 280 1:30 | 0.30 1.30 | 0.30 1.30 


Setup Time 

Jn Kn to CP, 

Cn, Sp (Release Time) 
Hold Time 

Jn: Kn to CPp 


Pulse Width HIGH 
CPpr; Cn, Sn 
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Conditions 


Vin = VIH (Max) 


inputs Open 


Conditions 


Figure 1 


Figures 2and 3 


Figures 2 and 3 


Conditions 


Figure 7 


Figures 2 and 3 - 


Figures 2and 3 
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1 GHz 
PULSE 
GENERATOR 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


TL/F/9854-6 
FIGURE 1. Toggle Frequency Test Circuit 


TL/F/9854-7 
FIGURE 2. AC Test Circult 
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Notes: 

Vec = Veca = +2V 

Vee = —2.5V 

* = equal electrical length 502 lines 

Rr = 502 termination 

Decouple power supplies with 0.1 uF from Voc 
and Veg to GND 

C. = Fixture and stray capacitance < 3 pF 
Load all unused outputs with 502 to GND . 

Set pulse generator output level for 740 mV p-p 
at a frequency of 10 MHz as measured at the 
clock input pin of the device under test. Do not 
readjust this voltage for frequencies up to fmax. 
The pad isolates the generator output for D.U.T. 
input impedance variations. Signal voltage mea- 
sured at the D.U.T. input will vary as input imped- 
ance varies with frequency. 


Notes: 
Vec = Veca = +2V 
Vee = —2.5V 


Decouple power supplies with 0.1 »F from Voc 
and Veg to GND 


Rr = 502 termination 

Load all unused outputs with 509 to GND 
C, = Fixture and stray capacitance < 3 pF 
* = equal electrical length 50 lines 


# = Connect Scope CHAN A to pulse generator 
as required 


+ = Connect pulse generator to input under test; 
else connect input to voltage source set to 
+1.05 volts for logic HIGH or +0.31 volts for 
logic LOW 


Consult truth table for appropriate logical condi- 
tion — 





TRANSITION TIMES 
Qn, Qn 


TEST 
INPUT SIGNAL 
CHARACTERISTICS 


FIGURE 3. 


ts(RELEASE ae 


Propagation Delays and Setup and Hold Time 
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National 
Semiconductor 


F100136 





4-Stage Counter/Shift Register 


General Description 


The F100136 operates as either a modulo-16 up/down 
counter or as a 4-bit bidirectional shift register. Three Select 
(S,) inputs determine the mode of operation, as shown in 
the Function Select table. Two Count Enable (CEP, CET) 
inputs are provided for ease of cascading in multistage 
counters. One Count Enable (CET) input also doubles as a 
Serial Data (Do) input for shift-up operation. For shift-down 
operation, Dg is the Seria! Data input. In counting operations 
the Terminal Count (TC) output goes LOW when the coun- 
ter reaches 15 in the count/up mode or 0 (zero) in the 
count/down mode. In the shift modes, the TC output re- 
peats the Qg3 output. The dual nature of this TC/Q3 output 
and the Do/CET input means that one interconnection from 
one stage to the next higher stage serves as the link for 


Ordering Code: see Sections 


Logic Symbol 


D3 


Tc 


TL/F/9855-3 


multistage counting or shift-up operation. The individual Pre- 
set (P,) inputs are used to enter data in parallel or to preset 
the counter in programmable counter applications. A HIGH 
signal on the Master Reset (MR) input overrides all other 
inputs and asynchronously clears the flip-flops. In addition, 
a synchronous clear is provided, as well as a complement 
function which synchronously inverts the contents of the 
flip-flops. All inputs have 50 k, pull-down resistors. 
Refer to the F100336 datasheet for: 

PCC packaging 

Lower power 

Military versions 

Extended voltage specs (—4.2V to —5.7V) 


| Pin Names | Description 
cP , 


Clock Pulse Input 

Count Enable Paralle! Input (Active LOW) 
Serial Data Input/Count Enable 

Trickle Input (Active LOW) 

Select Inputs 

Master Reset Input 

Preset Inputs 

Serial Data Input 

Terminal Count Output 

Data Outputs 


CEP 
Do/CET 





Connection Diagrams 


24-Pin DIP 


ooanrt mor WwW DH 


=_— oo 
nu =~ © 


TL/F/9855-1 


Complementary Data Outputs 


24-Pin Quad Cerpak 
Sy Sq MR Ver CP Pg 


24 23 22 21 20 19 


7 8 9 10 11 12 





Q1 Voc Voc, Q2 G2 
TL/F/9855-2 
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Logic Diagram 
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Pc 
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Function Select Table 


Parallel Load 
Complement 
Shift Left 
Shift Right 
Count Down 
Clear 

Count Up 
Hold 


is SG (Ss Ce A ee a ela 
Ltr rea eo 
Er Le oe Lr 


Truth Table 
Qo = LSB 


Inputs 


| Outputs 
MR Se | $1 | so | cee | pyeer | a | or | os {os | os | oo |e | 


. 


i SL oe eed Shift Right 


H X | Qp-3) minus1 | 3) minus 1 Count Down 
H L H x Qo Count Down with CEP not active 
na oat =a ES reas Count Down with CET not active 


Clear 


pals _ plus 1 aH Count Up 
Lif Qo-Qg3 = LLLL *Before the clock, TC is Q3 


Qo Count Up with CEP not active 
cae 
H if Qo-Q3 * LLLL After the clock, TC is Q2 


Count Up with CET not active 
L if Qg-Qg = HHHH 


Hold 
H if Qo-Qg * HHHH 
H = _— HIGH Voltage Level 
-L = LOW Voltage Level 
X = Don't Care 
~~ = LOW-to-HIGH Transition 


Lr 


Asynchronous 
Master Reset 


<x Im KKK XK - 
x KKK KK XK a 


X 


= a zal 

be. id, 2K 

L X 

ea Es 
a 
L 
L 
L 
L 
L 
L 
L 
L 


x< 
x «KK KK KK KK 


rere reel Tr 
or ee ee ee 
FOR - ore eee 
ITFrrtitrereeoelre 


x< 
x 


2) 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol! Parameter 
VoH Output HIGH Voltage 


| 1025 | 
Output LOW Voltage | 1810 | 
| = 1035 _| 


Vouc Output HIGH Voltage —1035 


VoLc Output LOW Voltage an a) 


VIH Input HIGH Voltage 
Vit Input LOW Voltage 


lie Input LOW Current 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | Min | Typ 
Vou Output HIGH Voltage —1020 


VoL Output LOW Voltage 

Vouc Output HIGH Voltage 

VoLc Output LOW Voltage 
Input HIGH Voltage 


Vit Input LOW Voltage 


Nie Input LOW Current 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Vou Output HIGH Voltage —1035 
VoL Output LOW Voltage — 1830 


Symbol Parameter 


VoLc OutputLOW Voltage {| 


Vin Input HIGH Voltage ~ 4165 


VIL Input LOW Voltage | 1880 | 


hie Input LOW Current 


—880 


Case Temperature under Bias (Tc) 
Veg Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) —50mA 
Operating Range (Note 2) 


) | 880 ay 
VoHc OutputHIGH Voltage { -1045 {| | | 
aw 
aa 


mV 


9E1L001 


0°C to +85°C 
—7.0V to +0.5V 
Veg to +0.5V 


—5.7V to —4.2V 


Conditions (Note 4) 


mV Vin =VIH (Max) Loading with 
or VIL (Min) 502 to —2.0V 


Loading with 
502 to —2.0V 


Vin = VIH(Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All inputs 


Vin = Vit (min 


Loading with 
5020 to —2.0V 


Loading with 
502 to —2.0V 


Vin = Vix (Min) 
or VIL (Max) 


Guaranteed HIGH Signa! 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or VIL (Min) 


Loading with 


Vin = VIH (Min) 
502 to —2.0V 


or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All inputs 


Vin = Vit (Min 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case’’ conditions. 
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DC Electrical Characteristics 
VeE = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to + 85°C 


Input HIGH Current 
Ph: Sn 
CEP 
MR Vin = VIH (Max) 
D3 
cP , 
Do/CET 


Power Supply Current eee ieee ome inputs Open 


Ceramic Dual-In-Line Package AC Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


fshift Shift |ShittFrequency Figures 2 and 3 
{PHL CP to Qn, On Figures 1 and 3 
tpLH Propagation Delay 

tPHL CP to TC ; 

tPHL MR to Qn Qn Figures 1 and 4 
teLH Propagation Delay 

tPHL MR to TC 


'PLH Propagation Delay 140 3.20] 140 320] 1.40 3.50 jms | 
{PHL Do/CET to TC Figures 1 and 5 
tPLH Propagation Delay 0.90 380 | 1.00 380] 1.00 4.30 


tPHL Sp to TC 


{TLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


ts Setup Time 


Figures 1 and 3 


Figure 6 


MR (Release Time) 


Hold Time 
D3 
Ph ; , : Figure 6 
md CET, CEP . 


Figures 3 and 4 





Cerpak AC Electrical Characteristics vec = —4.2V to —4.8V, Voc = Voca = GND 


Symbol 


fshitt 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 
tPLH 
tPHL 
tTLH 
tTHL 
ts 


Parameter 


Shift Frequency 


Propagation Delay 
CP to Qn, Qn 


Propagation Delay 
CP to TC 


Propagation Delay 
MR to Qn, Qn 


Propagation Delay 
MR to TC 


Propagation Delay 
Do/CET to TC 


Propagation Delay 
Sp to TC 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 


on 


tow(H) Pulse Width HIGH 
CP, MR 





Conditions | 


Figures 2and 3 


Figures 1 and 3 


Figures 1 and 4 


Figures tandS 


Figures 1 and 3 


Figure 6 


Figure 6 


Figures 3 and 4 
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PULSE 
GENERATOR 


Notes: 
Voc: Voca = +2V, Vee = —2.5V 
Li, L2 and L3 = equal length 5029 impedance lines 
seed as Ry = 502 terminator internal to scope 
GENERATOR Decoupling 0.1 pF from GND to Voc and Veg 
All unused outputs are loaded with 509 to GND 
2423 22 21 20 ta Cy. = Fixture and stray capacitance < 3 pF 


17 Pin numbers shown are for flatpak; 
for DIP see logic symbol 





16 
18 
14 


13 
786 9 10 1112 


TL/F/9855-6 
FIGURE 1. AC Test Circuit 


PULSE 
GENERATOR 


TL/F/9855-7 
FIGURE 2. Shift Frequency Test Circult (Shift Left) 
Notes: 


For shift right mode, + 1.05V is applied at So. 
The feedback path from output to input should be as short as possible. 
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OUTPUT 


fpLH— 
OUTPUT 


TL/F/9855-8 


0.720.1ns 


ts (RELEASE TIME) 


OUTPUT 


OUTPUT 





TL/F/9855-9 


FIGURE 4. Propagation Delay (Reset) 
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0.7+0.1 ns 


OUTPUT 


t{TLH 
TL/F/9855-10 


FIGURE 5. Propagation Delay (Serial Data, Selects) 


INHIBIT COUNT 


| pian \ 


essa +0.31V 


TL/F/9855-11 


Notes: 


ts is the minimum time before the transition of the clock that information must be present at the data input. 
th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 


FIGURE 6. Setup and Hold Time 
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Applications 


3-Stage Divider, Preset Count Down Mode 
PRESET N 


Po-P3 i Po-P3 
S. 


2 
F100136 


Note: If So = Sy = Sp = LOW, then Tc = LOW 


Slow Expansion Scheme 


F100136 F100136 = TC 


Fast Expansion Scheme 


Of CEP 0 


F100136 CHCET 100136 Tc OL CET F100136 Tc 
cP 
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Po-P3 


F100138 


TL/F/9855-12 


CEP 
CET F100136 Tc 
cP 


TL/F/9855-13 


OY CET F100136 Tc 


TL/F/9855-15 
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National 
Semiconductor 


F100141_ 
8-Bit Shift Register 


General Description 


The F100141 contains eight edge-triggered, D-type flip- 
flops with individual inputs (P,) and outputs (Q,) for parallel 
operation, and with serial inputs (D,) and steering logic for 
bidirectional shifting. The flip-flops accept input data a setup 
time before the positive-going transition of the clock pulse 
and their outputs respond a propagation delay after this ris- 
ing clock edge. , 


The circuit operating mode is determined by the Select in- 
puts So and Sj, which are internally decoded to select either 





Ordering Code: see Sections 


Logic Symbol 


Do Po P1 Po Pa Pa Ps Pg P7 D7 
cP 


So 


Ss 
"Qo Qy Gz Q3 Qs Qs Qe Q7 


TL/F/9856-1 


Connection Diagrams 


24-Pin DIP 


oOaoOnonankrk WH = 


—_—_— — — 
no — Oo 


TL/F/9856-2 


“parallel entry”, “hold”, “shift left” or “shift right” as de- 
scribed in the Truth Table. All inputs have 50 kN pull-down 
resistors. . : 
Refer to the F100341 datasheet for: 

PCC packaging 

Lower power 

Military versions 

Extended voltage specs (—4.2V to —5.7V) 


Description 


Clock Input 
Select Inputs 
Serial Inputs 
Parallel Inputs 
Data Outputs 





24-Pin Quad Cerpak 
Pz Sy So Vee CP Py 


24 23 22 21 20 19 


7 8 9 10 11 12 


Q2 Q3 Voc Veca Q4 Q5 
TL/F/9856-3 
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Logic Diagram 


Po era Py e e e e e ry Pe Pr 














pole -p=) fpof_ 
Sale fall foal Po 
Pei fell tel tel | 


er 


cp 


Qo Q; e¢ e e e e e Qs Qr 


TL/F/9856-5 


Truth Table 


Outputs 


| inputs 
Function 

Pr Bef SS Of Os ff Oo Le 
Load Register px pe fete |e P7 


Shift Left Qs6 2 2 Po 

Shift Left 7 Q4 Q3 Qo 
. Shift Right Q7 Qs Q4 

Shift Right : Q7 Qs Q4 

Hold X H 

Hold X : : X : No Change 

Hold X X X X L 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

~ = LOW-to-HIGH transition 
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Absolute Maximum Ratings 


Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


storage Tempetalure — 65°C to + 150°C Output Current (DC Output HIGH) —50mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
VeE = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


mV 

mV 

VIH Input HIGH Voltage —1165 _880 mV Guaranteed HIGH Signal 
for All Inputs 

Vit Input LOW Voltage —1810 41475 Guaranteed LOW Signal 


Conditions (Note 4) 


Vin = ViH(Min) Loading with 


for All Inputs 


n Input LOW Current | 0.50 pA Viv = Vivir 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Vou Output HIGH Voltage | —1020 
VoL -¢ Output LOW Voltage —1810 — 1605 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or ViL (Min) 502 to —2.0V 


or VIL (Max) 500 to —2.0V 


VoLc Output LOW Voltage at — 1595 


Vin Input HIGH Voltage - 41150 
Input LOW Voltage —1810 —4475 Guaranteed LOW Signal 
for All Inputs 


DC Electrical Characteristics 
Vee = —4.8V, Vcc = Voca = GND, To = 0°C to +85°C (Note 3) 


VIH Input HIGH Voltage 44165 | | 980 fomv | ee ee 
VIL Input LOW Voltage | 100 | — 4490 Sony | ee 


mV 
Mn InputLow Current | 050 | | | eA Vin’ = Vivi 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Guaranteed HIGH Signal 
for All Inputs 


VoHC Output HIGH Voltage —1030 a] | Vin = VIH (Min) Loading with 


Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
VeE = ~—4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to +85°C 


| __ Parameter | Min_ | Typ | Max__—| units | _Condittions 


LpLOOol 


Input HIGH Current 
Das Pr: Sn 220 pA Vin = VIH (Max) 
cP 550 


Power Supply Curent inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Parameter te OE a= BS) Te = +856 | units | contin 
a eu PIETITE 


Propagation Delay 
CP to Output 0.90 2.40 1.10 2.30 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
Dn, Ph 

n 
Hold 





Figures 1 and 3 
0.45 


Figure 4 


Figure 3 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Veca = GND 


Conditions 


fghift Figures 2 and 3 


Propagation Delay 
CP to Output Ce ee : : Figures 1 and 3 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
Dn, Ph : 
n 


Hold 
Dn: Ph 


Sh | 
ae Width HIGH : i Figure 3 


0.45 


Figure 4 
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PULSE 
GENERATOR 


PULSE 
GENERATOR 


24 23 22 21 20 19 
18 


17 
16 


15 
a SCOPE 
CHAN B 


13 
7 8 9 10114 12 500 





Notes: 

Voc, Voca = +2V, Veg = —2.5V 

Lt, L2 and L3 = equal length 509 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 uF from GND to Voc and Veg 

All unused outputs are loaded with 502 to GND 

CL = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


TL/F/9856-6 
FIGURE 1. AC Test Circuit 


Notes: TL/F/9856-7 


For shift right mode pulse generator connected to Sg is moved to S4. 
Pulse generator connected to Sy has a LOW frequency 99% duty cycle, which allows occasional parallel load. 
The feedback path from output to input should be as short as possible. 


FIGURE 2. Shift Frequency Test Circuit (Shift Left) 
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PARALLEL 


OUTPUT 


TL/F/9856-8 


FIGURE 3. Propagation Delay and Transition Times 


Note: 
ts is the minimum time before the transition of the clock that information 
must be present at the data input. 


tp is the minimum time after the transition of the clock that information must 


<——- th > remain unchanged at the data input. 


——P| t, (+ 


+0.31V 


TL/F/9856-9 
FIGURE 4. Setup and Hold Times 
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National 
Semiconductor 


F100142 
4x 4-Bit Content Addressable Memory 


General Description 


The F100142 is a 4 word by 4-bit Content Addressable 
Memory (CAM). Reading is accomplished when an address 
select input (Ag, A7, Az, Ag) is LOW and the write strobe 
input (WS) is HIGH. The corresponding stored word appears 
on the data outputs (Q9-Q3). Writing can be performed to 
individual bits of a word or to the whole word. (A LOW on an 
address select input enables a 4-bit word.) A LOW on a bit 
mask input (MKo, MK;, MKo, MKg) enables a bit within all 
four 4-bit words. Write data is presented on the data inputs 
(Do, Dy, Dz, Dg) and is latched into the addressed bit latch 
when the write strobe input (WS) is LOW. Hence, the bit 


Ordering Code: see Sections 


Logic Symbol 


TL/F/9857-3 


Connection Diagrams 


24-Pin DIP 


oon oamnekrk win — 


_ —-— = 
nu =~ Oo 


TL/F/9857-1 


mask inputs are used to selectively store data bit-wise with- 
in an addressed word. During writing, the data input word is 
simultaneously compared to each of the stored memory 
words. A search/compare is performed by placing a LOW 
on the bit mask inputs and presenting a data pattern to the 
data inputs. Corresponding to the bit mask inputs, the match 
outputs (Mo—-Mg3) go LOW if a data bit of the pattern 
matches the respective stored bit. A HIGH on any bit mask 
input forces a LOW on the respective match output. Each 
input has a 50 kN (typical) pull-down resistor to Vee. 


Data Mask Inputs 
Address Inputs 


Data Inputs 

Write Strobe Input 
Match Outputs 
Data Outputs 





24-Pin Quad Cerpak 
Ap Ay WS Ver Ag Ag 


24 23 22 21 20 19 


7 8 9 10 11 12 


M2 Mz VecVecaQs Q2 
TL/F/9857-2 
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Truth Table 


Operation 


Write 
Disabled 


Write 


Read 


Match 
Masked 


Match Not 
Satisfied 


Match 
Satisfied 


ee Ll ee 
pasefreee 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

NC = No Change from Previous State 
WS = Write Strobe 

A; = Address for ith Word 

Dj = Data for jth Bit 


rmrremrrclrrrcs 
fe ea ee Ee re 


MK; = Data Mask for jth Bit 
H = Mask 


Qi = Cell State for ith Word, jth Bit 


Mj = Match Output of ith Word 
L = True 


Qj = Data Output of jth Bit 
Qn-1 = Previous Cell State 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note-1) 


if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


—65°C to + 150°C 


Storage Temperature 
Maximum Junction Temperature (Ty) 


Input Voltage (DC) 


+150°C 


DC Electrical Characteristics 
Veg = —4.5V, Vcc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
VoHC Output HIGH Voltage 
Voc Output LOW Voltage 
Vin Input HIGH Voltage 


Symbol 
VoH 
VoL 


VIL Input LOW Voltage 


lit Input LOW Current 


[un [tye _| 
j=1008 [055 
ee 


—1165 


Max 


—955 


ad 


—880 


a 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
VoHc Output HIGH Voltage 
VoLc Output LOW Voltage 
Vind Input HIGH Voltage 


Symbol 


[win [typ [wax [unite | 
P1000 [| 870 | ay 
T=re10 | | 1605 | 
P10 


|| = 1595 _| 
ee [om [a 


Case Temperature under Bias (Tc) 
Veg Pin Potential to Ground Pin 


Output Current (DC Output HIGH) 
Operating Range (Note 2) 


mV 
aaa 
ae 
| wwe oy | 

Pawo [| [=r [Lo 
| 050 | | 


cPLOol 


0°C to + 85°C 
—7.0V to +0.5V 
Veg to +0.5V 
—50 mA 

—§.7V to —4.2V 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


VIN = VIH (Max) 
or ViL (Min) 


Loading with 
502 to —2.0V 


Vin = ViH(Min) 
or Vit (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = VIL (Min) 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or VIL (Min) 


Loading with 
50 to —2.0V 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All inputs 


Vit Input LOW Voltage —~4810 Raat 41475 
es 


hi Input LOW Current | 0.50 | | 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


BR 


—1490 
{| tnputLowcurrent {oso | | A LV = Vivir 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at — 4.2V to —4.8V. 


Vin = Vit (Min 


Conditions (Note 4) 


Loading with 
500 to —2.0V 


Vin = VIH (Max) 
or VIL (Min) 


Loading with 
50 to —2.0V 





Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “‘worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, To = 0°C to +85°C 


| Parameter | Min | Typ 


‘ Conditions 


Input HIGH Current Vin = ViH (Max) 


Power Supply Current Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND , 


tap Address to Data Out 1.20 440 | 120 430 | 1.20 4.50 | ns ° | Figures2and3 
to Data In to Match Out Time 1.60 3.70 | 160 360 | 160 3,80 


tum Mask In to “Enable 

Partial” Match Out Time 1.20 3.90 1.20 3.90 1.20 4.00 
top Data In to New Data Out 1.70 4.40 1.70 4.40 1.70 4.60 
two Write to New Data Out 250 5.40 | 2.50 5.20 





Figure 5 


tam Address to Match 2.50 4.90 
{MD Mask to Data 2.20 5.00 
twsm__| WS to Match 2.80 5.10 
tw Write Pulse Width 1.30 

tas Address Setup before Write Time 1.40 

taH Address Hold after Write Time 1.40 1.40 

tos Data In Setup before Write Time | 060 =—ti(‘<ié‘zCCOCOCC*dY 
toH Data In Hold after Write Time 1.10 
tuy___| Mask In Hold Write Time | 250 | 280 | sons 
tms 


Figure 2 


=] 


Figure 1 


fp ito | ns | 
tTLH Transition Time 
ai: 20% to 80%, 80% to 20% 0.50 2.30 0.50 2.30 0.50 2.30 


Cerpak AC Electrical Characteristics 
VeE = —4.2V to —4.8V, Voc = Voca = GND 


epee Parsiueey eS Te #855 unts | conditions 


tap Address to Data Out 1.20. 420 | 120 410 | 1.20 430 | ns | Figures2and3 
tpM Data In to Match Out Time 160 3.50 | 160 340 | 160 3.60 | ns | 


tum Mask In to “Enable Figure 5 


Partial” Match Out Time 1.20 3.70 1.20 3.70 1.20 3.80 


tpp__| DatalntoNewDataOut__{|_ 1.70 4.20 | 1.70 420 | 1.70 4.40 | ns _| 

two __| Write to New Data Out | 250 5.20 | 250 500 | 290 4.90 | ns _| 

tam__| Address to Match | 250 440 | 250 440 | 250 4.70 | ns_| Figure2 
tMD Mask to Data 2.20. 4.80 - 

twsm__| WS to Match 2.80 4.90 
tw Write Pulse Width 1.20 
tas Address Setup before Write Time 1.30 


taH Address Hold after Write Time 1.30 
tos Data In Setup before Write Time 1050 | 050 | 
toH Data In Hold after Write Time 1.00 
tM Mask In Hold Write Time 2.40 
tus Mask In Setup Write Time 1.00 


tTLH Transition Time 
ak 20% to 80%, 80% to 20% 0.50 2.20 0.50 2.20 0.50 2.20 


Figure 7 


Figure 2 
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Switching Waveforms 


0.7+0.1 ns =| 


NON-INVERTING 


PULSE 
GENERATOR 


OUTPUT tpLH —| = 


TL/F/9857-6 
FIGURE 1. AC Test Circuit 


«— 0.7+0.1 ns 


teHL— >| " —> | 


+1.05 V 





INVERTING 
Note: : 
Voc: Veca = +2V, Veg = —2.5V trtH = bes 


L1, L2 and L3 = equal length 500 impedance lines 
Ry = 502 terminator internal to scope 

Decoupling 0.1 4F from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

C, = Fixture and stray capacitance < 3 pF 


(NEW DATA) 


| ee a 


a <toy> 


oe 
| 


STROBE 


>| tan |j~<— 


Qn 


/ \ 
DATA OUT (OLD DATA) (NEW DATA) 4.50% 
\ 


FIGURE 3. Write Mode and Read/Write Mode Waveforms 
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TL/F/9857~8 


TL/F/9857-7 


FIGURE 2. Output Rise and Fall Times and Waveforms 
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Switching Waveforms (Continued) 


ADDRESS 


-™! tao 
" DATA OUT 


mack MASK OUT BIT 


COMPARE FOR 
ONE OR MORE BITS - 


~<—— tum 





TL/F/9857-9 
FIGURE 4. Read Mode Waveforms 


Application MATCH OUTPUT 


The F100142 is an ideal choice for the register file unit of a TL/F/9857—10 
bit-slice processor. Figure 5 shows the configuration of four FIGURE 5. Search Mode Waveforms 
F100145s into a 16 x 16 register file. The write enbles (WE;, 

WEod) and output enables (OE;, OE») are configured to al- 

low access to one array of sixteen 16-bit registers or two 

arrays of sixteen 8-bit registers. Simultaneous read and 

write addressing is made possible with separate buses. 

Also, reading and then writing to the same address is easily 

and efficiently done by tying one write enable to an output 

enable. 


YB15-YB12 YB11-YB8 YB7-YB4 YB3-YBO 


WE1 WE2 03-00 MR 
Awo 


3 
F100145 


OB15-0B12 0B11-0B8 OB7-0B4 083-OB0 
TL/F/9857-11 
FIGURE 5. 16 x 16 Register File (Two 16 x 8 Register Files) 





3-112 


National 
Semiconductor 


F100150 
Hex D Latch 


General Description 


The F100150 contains six D-type latches with true and com- 
plement outputs, a pair of common Enables (E, and Ep), 
and a common Master Reset (MR). A Q output follows its D 
input when both E, and Ep are LOW. When either E, or Ep 
(or both) are HIGH, a latch stores the last valid data present 
on its D input before E, or Ey went HIGH. The MR input 


Ordering Code: see Section 8 


Logic Symbol 


TL/F/9858~3 


Connection Diagrams 


24-Pin DIP 


oon Dm On BF WD = 


-_= = = 
no —- oO 


TL/F/9858~1 





OSEOOL 


overrides all other inputs and makes the Q outputs LOW. All 
inputs have 50 kf pull-down resistors. 
Refer to the F100350 datasheet for: 

PCC packaging 

Lower power 

Military versions 

Extended voltage specs (—4.2V to —5.7V) 


| PinNames_| Description 


Data Inputs 

Common Enable Inputs (Active LOW) 
Asynchronous Master Reset Input 
Data Outputs 

Complementary Data Outputs 


24-Pin Quad Cerpak 
E, Eq MR Veg Ds Dy 


24 23 22 21 20 19 


7 8 9 10 11 12 





Qs Q3 Veo Veca Q2 2 
TL/F/9858~2 
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Logic Diagram 


Truth Tables (Each Latch) 
Latch Operation 


Latched* 
Latched* 


*Retains data present before E positive transition 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
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Asynchronous Operation 


TL/F/9858-5 





Absolute Maximum Ratings 

Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


st Pee TES Cio ete Output Current (DC Output HIGH) —50 mA 
aximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


OSLOOL 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Vin Input HIGH Voltage —~1165 ~880 mV Guaranteed HIGH Signal 
for All Inputs 

Vit Input LOW Voltage ~1810 1475 mai Guaranteed LOW Signal 
for All Inputs 


fn Input LOW Current pa vv = Vin in 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol_| Parameter |_ Min. {| Typ | Max | Units | Conditions (Note 4) 
VoH Output HIGH Voltage — 1020 | | 870 | mV Vin = VIH (Max) Loading with 


VoL Output LOW Voltage | -1810 | | —1605 | or Vit (Min) 502 to —2.0V 
VoHc Output HIGH Voltage — 1030 Vin = Vik (Min Loading with 
Votc Output LOW Voltage or ViL (Max) 502 to —2.0V 


Vin Input HIGH Voltage ~4150 ~870 mV Guaranteed HIGH Signal 
for All Inputs 
') Input LOW Voltage = Guaranteed LOW Signal 
a ee 


Input LOW Current | 050 | Vin = Vit (Min) 


DC Electrical Characteristics 
VeE = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Vin Input HIGH Voltage ~1165 ~880 mV Guaranteed HIGH Signal 
for All Inputs 
VIL Input LOW Voltage ~1830 ~1490 mV Guaranteed LOW Signal 
for All Inputs 
a 


hie Input LOW Current | oso ff Vin = Vit (Min 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 





3-115 





100150 


DC Electrical Characteristics 
VeE = —4.2V to —4.8V unless otherwise eR Voc = a = GND, a = 0°C to = 


Conditions 


Input HIGH Current 

MR 450 Vv = Vv 

Dn _ . 340 IN IH (Max) 
Es, Ep eee 


Power Supply Current Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Symbol 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tTLH 
tTHL 


ts 


th 
tow(L) 


tow(H) 


Parameter : anes wed +25°C ee Conditions 


Propagation Delay 

Dy to Output 0.4 

(Transparent Mode) Figures 1 and 2 
Propagation Delay 

E,, Ep to Output 

Propagation Delay 

MR to Output Figures 1and 3 
Transition Time ; 

20% to 80%, 80% to 20% 0.45 1.70 0.45 1.60 0.45 1.60 es Figures 1 and 2 
Setup Time 

Do-Ds 0.70 0.70 0.70 Figures 3 and 4 
MR (Release Time) 2.10 2.10 2.10 


Hold Time, Do-Ds | ovo df oro | ons | Figure 


Pulse Width LOW ; 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = ee = GND 


Symbol 


tPLH 
tPHL 


{PLH 
tPHL 


tPLH 
{PHL 


LH 
tTHL 


ts 


a0 


tow(H) 


ee ieee = 


Parameter Conditions 


Propagation Delay 
Dy to Output 
(Transparent Mode) Figures 7 and 2 


Propagation Delay 
Eg, Ep to Output 


Propagation Delay 
MR to Output 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
Do-Ds 0.60 0.60 0.60 Figures 3 and 4 
MR ened en ee Time) 2. eel ea 00 ee 00 


Hold Time, | HoldTime,Dp-Ds si Figure 4 


Figures 1 and 3 


Figures 1 and 2 
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PULSE Notes: 

Voc: Voca = +2V, Vee = ~2.5V 

GENERATOR : , 
L1 and L2 = equal length 502 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 509 to GND 
C. = Fixture and stray capacitance < 3 pF 


PULSE 
GENERATOR 


TL/F/9858-6 
FIGURE 1. AC Test Circuit 


=| 0.70.1 ns 
precoewe nnn nny 

/ 

¢ 


\ 
/ 
\ / 


Ne cee ce ce re wes es oe we oe ow wo Ne eae nee cae ee ce oe oe we om os ws +), 31 V 


tow 


TRANSPARENT LATCHED TRANSPARENT 


teHL tpHL 
tPLH tPLH 


owe ema Pen ee ee eo 


/ 
/ 


Re ee ene ee ce aes ame oe ore oom on cam oe can te en es cos es emo 


OUTPUT 


trou tTLH 


TL/F/9858-7 


FIGURE 2. Enable Timing 
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Pew wr ee eee emo w eee = 


ew wee He eee wee eee eS 


TRANSPARENT : = LATCHED TRANSPARENT 


4,(RELEASE TIME) 


OUTPUT 


oe ew oe Vem em me we eee wm eee eS 


FIGURE 3. Reset Timing 


TL/F/9858-9 
Notes: 


ts is the minimum time before the transition of the enable that information must be present at the data input. 
th is the minimum time after the transition of the enable that information must remain unchanged at the data input. 


FIGURE 4. Data Setup and Hold Time 
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National 
Semiconductor 


F100151 
Hex D Flip-Flop 


General Description 


The F100151 contains six D-type edge-triggered, master/ 
slave flip-flops with true and complement outputs, a pair of 
common Clock inputs (CP, and CPp) and common Master 
Reset (MR) input. Data enters a master when both CP, and 
CPp are LOW and transfers to the slave when CP, and CPp 
(or both) go HIGH. The MR input overrides all other inputs 


Ordering Code: see Sections 


Logic Symbol 


CPa}] [CPp 


cp Do Dy Dz D3 Da Ds 


TL/F/9859-3 


Connection Diagrams 


24-Pin DIP 


=—_ == ao 
nv —- Oo 


TL/F/9859~1 
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and makes the.Q outputs LOW. All inputs have 50 kf pull- 
down resistors. , , 


Refer to the F100351 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (—4.2V to —5.7V) 


Description | 


Do-Ds5 Data Inputs 
CPa, CPh _ Common Clock Inputs 


Asynchronous Master Reset Input _ 
Data Outputs © 
Complementary Data Outputs 





24-Pin Quad Cerpak 
CP, CP, MR Ver Ds 02 


24 23 22 21 20 19 


7 8 9 10 11 12 


Qs Q3 Voc Voca Qy Q2 
TL/F/9859-2 
Top View 
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Logic Diagram 


Truth Table (Each Fiip-flop) 


Synchronous Operation 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

t = Time before CP positive transition 
t+1 = Time after CP positive transition 
~/ = LOW-to-HIGH transition 
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MR CP,CPp 


Ds 


TL/F/9859-5 





Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


LSLOOL 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 
Storage Temperature OS Ete ISN Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) -~5.7V to —4.2V 


DC Electrical Characteristics 
VeE = —4.5V, Vcc = Voca = GND, Tc = O°C to +85°C (Note 3) 


Vou Output HIGH Voltage | —1025 my. | VIN=ViH(Maxy | Loading with 
a Output LOW Voltage —1810 | -1705 | —1620 or VIL (Min) 502 to —2.0V 


VoHc Output HIGH Voltage | -1035 | | | mV Vin = ViH (Min) Loading with 
Vin Input HIGH Voltage —1165 —880 cay Guaranteed HIGH Signal 
for All Inputs 


Votc Output LOW Voltage or Vit (Max) 509 to —2.0V 
Vit Input LOW Voltage 1810 Peau Signal 


DC Electrical Characteristics 
Vee = —4.2V, Vcc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol | __Parameter | Min__| Typ | Max _| Conditions (Note 4) 
VoH OutputHIGH Voltage | -1020 | | -s70 | Vin = Vin(Max) | Loading with 
VoL Output LOW Voltage -1s1i0 | «|| —1605 | or ViL (Min) 502 to —2.0V 


VoHc OutputHiGHVoltage | -to90 | | | Vin = Vin (min) | Loading with 
Votc Output LOW Voltage or Vit (Max) 502 to —2.0V 


Vin Input HIGH Voltage —1150 _870 av Guaranteed HIGH Signal 
for All Inputs 





hu InputLOwCurrent | 050 | | | A | Vin = Viti 

DC Electrical Characteristics 

Vee = —4.8V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 

Symbol | Typ | Max | Units | Conditions (Note 4) 

Vox OutputHiGH Voltage | -10395 | | -e80 | _, | Vin=Viniwax | Loading with 

VoL Output LOW Voltage | -1830 | = | —1620 OF VIL (Min) pO On ey 

Voxe OutputHiGH Voltage | -1045 | | || Vin=Viniatiny | Loading with Ea 
Votc Output LOW Voltage ees Bl ced —1610 or ViL (Max) 502 to —2.0V 

VIH Input HIGH Voltage 1165 | | 080 f omy | Sie Signal 

Vit Input LOW Voltage aes a ner eter Signal 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these ‘‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, To = 0°C to + 85°C 


{Parameter | _omin__ | typ | Max | units | Conditions 


Input HIGH Current 

MR 

Do-Ds Vin = VIH (Max) 
CP,, CPh 


Power Supply Current ee es ae Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VeE = —4.2V to —4.8V, Voc = Voca = GND 


fmax | Toggle Frequency | Frequency Figures 2and 3 
tPpLH Propagation Delay F 
3 
tPHL CP,, CPp to Output Figures 1 and 
tPLH Propagation Delay 
: ! : 4 1.20 5 Fi 4 
{PHL MR to Output 1.20 2.90 | 1.30 3.00 3.10 ‘Figures 1 and 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 





Figures f and 3 — 


Setup Time 
Do-Ds 


Figure 5 
MR (Release Time) 





Figure 4 
Hold Time 
Do-Ds 


Pulse Width HIGH 
CP, CP, MR 


Figure 5 


tow(H) Figures 3 and 4 


Cerpak AC Electrical Characteristics 
VeE = —4.2V to —4.8V, Voc = Voca = GND 


fmax | Toggle Frequency | Frequency 375 Figures 2and 3 


teLH Propagation Delay 
tPHL CPa, CPp to Output 


tPLH Propagation Delay 
tPHL MR to Output 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


ts Setup Time 
Do-Ds 


Figures 1 and 3 


Figures 1 and 4 


Figures 1 and 3 


Figure 5 


MR (Release Time) 


Figure 4 





th Hold Time 
Do-Ds 


Pulse Width HIGH 
tow(H) CPa, CPp, MR Figures Jand 4 


Figure 5 
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PULSE 
GENERATOR 


Notes: 

Voc. Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 50N impedance lines 

PULSE Ry = 502 terminator internal to scope 

GENERATOR 1 i Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 502 to GND 


CL = Fixture and stray capacitance < 3 pF 


TL/F/9859-6 


Notes: 

Voc: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 502 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 502 to GND 
C, = Jig and stray capacitance < 3 pF 


TL/F/9859-7 


FIGURE 2. Toggle Frequency Test Circult 


~«— 0.7+0.1 ns 


OUTPUT 





OUTPUT 


TL/F/9859-8 
FIGURE 3. Propagation Delay (Clock) and Transition Times 
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ts (RELEASE TIME) 


OUTPUT 


OUTPUT 


TL/F/9859-9 
FIGURE 4. Propagation Delay (Reset) 


+0.31V 
<—— t, —— 
—>| t, <—_ 
+1.05 V 


50% 


+0.31 V 
TL/F/9859~-10 
Notes: 


t, is the minimum time before the transition of the clock that information must be present at the data input. 
th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 
FIGURE 5. Setup and Hold Time 
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National 
Semiconductor 


F100155 
Quad Multiplexer/Latch 


General Description 


The F100155 contains four transparent latches, each of 
which can accept and store data from two sources. When 
both Enable (E,) inputs are LOW, the data that appears at 
an output is controlled by the Select (S,,) inputs, as shown in 
the Operating Mode table. In addition to routing data from 
either Do or Dy, the Select inputs can force the outputs 
LOW for the case where the latch is transparent (both En- 
ables are LOW) and can steer a HIGH signal from either Do 
or D; to an output. The Select inputs can be tied together 
for applications requiring only that data be steered from ei- 


Ordering Code: see Sections 


Logic Symbol 


TL/F/9860-3 


Connection Diagrams 


24-Pin DIP 


oan nanwk wan — 


—_ so 
nu =~ Oo 


TL/F/9860-1 


ther Do or D;. A positive-going signal on either Enable input 
latches the outputs. A HIGH signal on the Master Reset 
(MR) input overrides all the other inputs and forces the Q 


outputs LOW. All inputs have 50 kf pulldown resistors. 


Refer to the F100355 datasheet for: 
PCC packaging 
Lower power 
Military versions . 
Extended voltage specs (—4.2V to —5.7V) 


Description 


Enable Inputs (Active LOW) 
Select Inputs 

Master Reset 

Data Inputs 

Data Outputs 
Complementary Data Outputs 


24-Pin Quad Cerpak 
E> Ey MR Ver Sy Sg 


24 23 22 21 20 19 


7 8 9 10 11 12 


Q. Q VecVecaQ 
TL/F/9860-2 
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100155 


Logic Diagram 


MR Eo Ei Dia Dog 


\/ 


TL/F/9860-5 


Operating Mode Table Truth Table 


*Stores data present before E went HIGH 
H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don’t Care 





Latched* 
Latched* 
Dox 
Dox + Dix 


rCereeeojroee x 
ae | ore Er 


fs ee 0 ee ee 


x x«K 
x 
x < 


mGrmrrerlijrcrTixK 

Ste eee | 

<mxK «(xo rtxK 

<xx<xorl;oK KO l|o KK XK 
crore 


H L 
Latched* 
Latched* 


H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


<x ir 
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Absolute Maximum Ratings 

Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. input Voltage (DC) Veg to +0.5V 


eiciage:tomperatire .- Se eee Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —~5.0V to —4.2V 


SSLOOL 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter | min | Typ | Max | Units | Conditions (Note 4) 
VoH Output HIGH Voltage — 1025 —880 Vin =VIH (Max Loading with 
VoL Output LOW Voltage | -1810 | -1705 | —1620 or ViL (Min) 50M to —2.0V 
VoHC Output HIGH Voltage ~— 1035 Vin = Vinmin Loading with 


Vin Input HIGH Voltage 1165 —880 a Guaranteed HIGH Signal 
for All Inputs 

VIL Input LOW Voltage 4810 ~1475 ra Guaranteed LOW Signal 
for All Inputs. 


| tmputtowcurrent_ | oso | | nA Vin = Vico 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | Min | Typ Conditions (Note 4) 
‘VoH Output HIGH Voltage ~1020 Vin = VIH (Max) Loading with 

- Vor Output LOW Voltage —1810 or VIL (Min) - 500 to —2.0V 
VoHC Output HIGH Voltage — 1030. Vin = VIH (Min) Loading with . 
VoLc Output LOW Voltage or Vit (Max) 502 to —2.0V 


VIH Input HIGH Voltage ha Guaranteed HIGH Signal 
for All Inputs 
VIL Input LOW Voltage Pony | Guaranteed LOW Signal 


fie Input LOW Current 


DC Electrical Characteristics 
VEE = —4.8V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


for All Inputs 
Vin = VIL (Min) 


Conditions (Note 4) 


Vou | OutputHiGH Voltage | -1035 | | —880_ Vin = Vin (Max) | Loading with 
Vouc__| OutputHiGH Voltage | -1045 | | mv Vin = VIH (Min) Loading with 
Voie OutputLowVoltage | = =| | —1610 | or VIL (Max) aacainaad 
—1165 4 
| 


VIH Input HIGH Voltage 


VIL Input LOW Voltage ~ 14830 | 1400 | 
lie Input LOW Current aa Vin = Vit (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. : 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these ‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Guaranteed LOW Signal 
for All Inputs 


mV 
mV 
mv 
mV 
mV 
= Guaranteed HIGH Signal 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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100155 


DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to + 85°C 


ee ee ce Conditions 


Input HIGH Current 

So, $1 220 

E1,Eo ' 350 Vin = VIH (Max) 
ee yee 


Power Supply Current ee es cae inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristic 


Vee = —4.2V to —4.8V, Voc = Voca = GND 


=0°C = °C _ a ae °C 
ea ae csadieks 


tPLH Propagation Delay 
tPHL Dra-Dng to Output 
(Transparent Mode) 
tPLH Propagation Delay ; 
7 2 
teHL So S; to Output 1.50 3.50 neues and 
(Transparent Mode) 
tpLH Propagation Delay 
PHL E,, Ep to Output 0.90 2.50 1.00 2.40 1.00 2.50 
tpLH Propagation Delay 
1 
teHL MR to Output higues Panes 
tTLH ‘Transition Time 
tTHL 20% to 80%, 80% to 20% pigies Tene 


ts Setup Time 
Dna-Dna 0.90 0.90 0.90 Figure 4 
So, $1 2.40 2.40 2.70 
MR (Release Time) 1.50 1.50 1.50 





Figure 3 
Hold Time a 
Dna-Dna ; 0.40 . . Figure 4 
So, $4 —0.70 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 
Dna-Dna to Output 
(Transparent Mode) 


Propagation Delay 
$}, S; to Output 1.50 
(Transparent Mode) 


Figures 1 and 2 


Propagation Delay 


Fest Olid 0.90 230 | 1.00 
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Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND (Continued) 


Parameter 


Propagation Delay 


MR to Output Bere 
60 


Transition Time 0 


20% to 80%, 80% to 20% ‘ 
Setup Time 


Dna-Dna 
So, S4 
MR (Release Time) 


Hold Time 
Dna-Dna 
"So, S4 


Pulse Width LOW Ey, Eo 


To = +25 Toe = +85°C 


= Cc 
0.90 2.70 0.90 2.80 
0.60 2.10 0.45 2.20 


Cc 
2.80 
2.20 


Notes: 

Voc: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 50 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 pF from GND to Vco and Veg 

All unused outputs are loaded with 502 to GND 

C. = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


FIGURE 1. AC Test Circuit 
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Conditions 


Figures 1 and 3 


Figures 1 and 2 


Figure 4 


Figure 3 


Figure 4 


Figure 2 
Figure 3 





TL/F/9860-6 
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> 0.7+0.1 ns 


Pe ey 


\ 


eee ee em Ne we eee wwe we ow we we ww we we wm + 0,31 V 


tow 


ENABLE TRANSPARENT ; LATCHED TRANSPARENT 


jag *PHL tPHL 
teLH tpLH 


= et ome mn ome om ome On fesse eee 


OUTPUT 


he cee ne ome ee re we we we ee ee oe ee 


trou, tTLH 


TL/F/9860-7 
FIGURE 2. Enable Timing 


RESET TIMING 


Pew wane mw eeeweeeeee 


tt Te 


ENABLE TRANSPARENT LATCHED TRANSPARENT 
ts (RELEASE TIME) 


RESET/SET 


OUTPUT 
/ 


women S et 


TL/F/9860-8 
FIGURE 3. Reset Timing 


+105 V 


ieee 


Notes: 


50% ts is the minimum time before the transition of the enable that information 
° must be present at the data input. 


+0.31V ty is the minimum time after the transition of the enable that information must 
| aed remain unchanged at the data input. 
ts 
rere nm + 1.05 V 
50% 


+0.31V 
TL/F/9860-9 
FIGURE 4. Data Setup and Hold Times 





3-130 


National 
Semiconductor 


F100156 
Mask-Merge/Latch 


General Description 


The F100156 merges two 4-bit words to form a 4-bit output 
word. The AM, enable allows the merge of A into B by one, 
two or three places (per the AS, value) from the left. The 
BM, enable similarly allows the merge of B into A from the 
left (per the BS, value). The B merge overrides the A merge 
when both are enabled. This means A first merges into B 
and B then merges into the A merge. If the B address is 


Ordering Code: see Sections 


Logic Symbol 


of E B3 A3 B2 Ao BSgASp Bo A; BS;AS; By Az 


TL/F/9861-3 
Note: 


When E is HIGH, Q, outputs do not change. 
When E is LOW, Q, = A or B depending on which is selected. 


Connection Diagrams 


24-Pin DIP 


oan nner, Who = 


—_— a 
no — Oo 


TL/F/9861-1 


equal to or greater than the A address, then outputs are 
forced to B. 

The merge outputs feed four latches, which have a common 
enable (E) input. All inputs have a 50 kQ (typical) pull-down 
resistor tied to Veg. 


Description 


Latch Enable Input (Active LOW) 
A Data Inputs 
B Data Inputs 


A Merge Enable Inputs 
B Merge Enable Inputs 
A Address Inputs 

B Address Inputs 

Data Outputs 





24-Pin Quad Cerpak 
AS; BS, ASo Veg E BSp 


24 23 22 21 20 19 


7 8 9 10 11 12 





Qs Q2 VeeVeca % 
TL/F/9861-2 
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Logic Diagram 


9SLOO} 


wo 
1 
— 
Lie] 
a 
oa 
~ 
Ww 
~ 
at 
= 
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Truth Table 


9SLOOL 


Inputs 


Merge Enables mon Remarks 


2, ae 
B 
nae 


a 
By 
rate Select A 
By 
By 
AY 
Ay 
Ay 
Ay 
By 
By 
By 
Ai 
Ay 
Ay 
Ay 
By 
By 
By 
By 
By 
By 
By 
By 
By 
By 
By 


ao 
= 
—_ 


x x 


Ea 
Merge A — B 


Merge B — A 


MergeA — B 


Merge A — B 
then 
MergeB > A 


B Address 2 A Address 


Pr rr rer er err rere ere irr rer rie es ee ie es 


0 
| Qo | a | Ge | Os | 


Pad 


Before At After At 
Start Start | End End 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) - OCto +85°C 
please. contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


Stor nae Rempesature —65°C to + bao Output Current (DC Output HIGH) —50mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


Symbol | Parameter |_omin | typ | Max | Units Conditions (Note 4) 
Von___|_OutputHIGH Voltage | -to25 | -s65 | -880 | Vin =ViH (Max) | Loading with 
VOHC —Saeaisivenase f_cvose fon Vin = ViH (Min) | Loading with 


VIL Input LOW Voltage ~1810 P| tars | Guaranteed LOW Signal 
for All Inputs 


DC Electrical Characteristics 
VeE = —4.2V, Vcc = Veca = GND, To = 0°C to +85°C (Note 3) 


Conditions (Note 4) 


Vou Output HIGH Voltage my | Vin = Vin (Max) Loading with 


VoHC Output HIGH Voltage -1o390 | =| | 2 Vin = Vin (Min) Loading with 


VoLc Output LOW Voltage 3. Se | — 1595 or VIL (Max) poe tore oy 


Vin Input HIGH Voltage —4150 870 mV Guaranteed HIGH Signal 
for All Inputs 
Input LOW Voltage ~1810 —1475 mV Guaranteed LOW Signal 
for All Inputs 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Voc __| OutputHiGHVoltage | -1046 | | ny Vin = Vin (Min) | Loading with 
Voro | Output Lowvottage | || = 1610 _| oe ee 


ViH Input HIGH Voltage ry = Guaranteed HIGH Signal 
VIL Input LOW Voltage | 100 | | —1490 Guaranteed LOW Signal 


Vv 
for All Inputs 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to + 85°C 


Parameter 


9S1001 


Conditions 


Input HIGH Current Vin =V 
An, Bn BMp, AMn, BSp, ASp, E ee aan) 





Power Supply Current inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 
An, Bn to Outputs 
(Transparent Mode) 
oe Eely 100 250] 1.00 240 | 100 250 ae 
ae ‘Figures 1 and 2 


Propagation Delay 
AMp, BMn, ASp; BSp to 
Outputs (Transparent Mode) 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 

An: Bn 

AMp; BMp, ASp, BSp 
Hold Time 

An: Bn 

AMp, BMp, ASp, BSp 


Figure 3 


Figure 2 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Vcc = Veca = GND 


-Shaiieas 


Propagation Delay 
An, Bp to Outputs 
(Transparent Mode) 
E Figures 1 and 2 


Propagation Delay 
AMp,; BMp, ASp; BSp to 
Outputs (Transparent Mode) 





Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
An: Bn 
AMp; BMp, AS», BSpy 


Hold Time 
An: Bn 
AMp; stall ASn, eee 
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Figure 3 





100156 


24 23 22 21 20 19 
18 


17 

16 PULSE 
GENERATOR 

15 


14 


13 
7 8 9 10 11 12 


Notes: 

Voc: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 502 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 ,F from GND to Voc and Vee 

All unused outputs are loaded with 509 to GND 

C, = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


TL/F/9861-6 


FIGURE 1. AC Test Circuit 


0.7+0.1 ns 


PFasswaenwoewaerey 


An, Bn, AMhp, BMp, 
ASp, BSy 


ENABLE TRANSPARENT LATCHED TRANSPARENT 


tpHL 
tPLH 


oom een 
OUTPUT (Q,) 


oo me ee een ee ee eee we cee ees oe oe oe ee 
trHu, tTLH 
TL/F/9861-7 


FIGURE 2. Enable Timing 


An, Bn, AMn, 
BMnp, ASp, BMn 


TL/F/9861-8 
Notes: 
ts is the minimum time before the transition of the enable that information must be present at the designated input. 
th is the minimum time after the transition of the enable that information must remain unchanged at the designated input. 


FIGURE 3. Data Setup and Hold Times 
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National 
Semiconductor 


F100158 
8-Bit Shift Matrix 


General Description 


The F100158 contains a combinatorial network which per- 
forms the function of an 8-bit shift matrix. Three control lines 
(S,) are internally decoded and define the number of places 
which an 8-bit word present at the inputs (D,) is shifted to 
the left and presented at the outputs (Z,). A Mode Control 
input (M) is provided which, if LOW, forces LOW all out- 


Ordering Code: see Sections 


Logic Symbol 


Do Dy Dz D3 Da Os Og D7 


M 
2 21 22 Z3 24 25 Ze Zr 


TL/F/9862—3 


Connection Diagrams 


24-Pin DIP 


ooaonr rm onrk WD — 


= 
nu =~ Oo 


TL/F/9862-1 


puts to the right of the one that contains D7. This operation 
is sometimes referred to as LOW backfill. lf M is HIGH, an 
end-around shift is performed such that Dp appears at the 
output to the right of the one that contains D7. This opera- 
tion is commonly referred to as barrel shifting. All inputs 
have 50 kQ pull-down resistors. 


[~Fianames | Deeeripton | 


Data Inputs 


Select Inputs 
Mode Control Input 
Data Outputs 





24-Pin Quad Cerpak 


24 23 22 21 20 19 


7 8 9 10 11 12 


Z4VecaVec¥cca 23 22 
TL/F/ 9862-2 
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100158 


Logic Diagram 


X 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 


Greomo7~rtrarajrTerertereiriere 
eo rr Se ree ee eee 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 


ae a ee Ed 


LE Ee eer) | ee eS ee 
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TL/F/9862-5 





Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 


8SLO0} 


Case Temperature under Bias (Tc) 0°C to + 85°C 


Office/Distributors for availability and specificat 
Storage Temperature 
Maximum Junction Temperature (Ty) 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to 


Symbol 
VOH 
VoL 
VOHC 


VoLc 
VIH 


Output HIGH Voltage —1035 
Output LOW Voltage 


Input LOW Voltage —1810 


Input LOW Current 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to 


Symbol | Parameter | Min_| 
VoH 
Vou 
VOHC 


Vin Input HIGH Voltage 
Input LOW Voltage _ 


Input LOW Current 


ue 


VIL 


iL 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to 


VOoH 
VoL 
VoHC 


VoLc 
VIH 


Output HIGH Voltage 
Output LOW Voltage 
Output HIGH Voltage 


Output LOW Voltage 
Input HIGH Voltage 1165 


VIL 


Nie 


—65°C to + 150°C 
+ 150°C 


Input LOW Voltage 1830 Lod 


ions. Input Voltage (DC) 


+85°C (Note 3) 


a 
[Out HIGH votage [1026 | 255 


eae 

ee ce tol 
Gaserlend 2 
paar 


+ 85°C (Note 3) 
Typ 


+ 85°C (Note 3) 


Typ [Max [Unit 
a ee 
= ie20_ | 
ie 


[= a 


Veg Pin Potential to Ground Pin 


Output Current (DC Output HIGH) 
Operating Range (Note 2) 


—7.0V to +0.5V 
Veg to +0.5V 
—50mA 

—5.7V to —4.2V 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or VIL (Min) 


Loading with 
502 to —2.0V 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = VIL (Min) 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = Vi (Max) 
Or ViL (Min) 


Loading with 
502 to —2.0V 


Vin = VIH (Min) 
or Vit (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vit (Min) 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VI (Max) 
or VIL (Min) 


Loading with 
502 to —2.0V 


Vin = VIH (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case’ value for the parameter. Since these ‘‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcoca = GND, Tc 0°C to + 85°C 


Conditions 


Input HIGH Current = 
All Inputs Vin = VIH (Max) 


Power Supply Current : Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Sine | Seats 


Tc Te 
1.10 2.70 1.10 2.80 
1.25 4.20 1.15 4.20 
Figures t and 2 
1.70 4.20 1.70 4.20 
0.50 2.30 .50 2.30 


Propagation Delay 
Dp, to Output 


Propagation Delay 
M to Output 


Propagation Delay 
Spy to Output 


! | p70 420 | 
Transition Time 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


1.10 2.60 fons 
1.15 4.00 js | . 
Figures 1 and 2 


1.10 - 2.80 
1.15 4.20 
70 4.20 
2.30 


Conditions 


Propagation Delay 
M to Output 


Tc 
Propagation Delay 1.10 
Dp to Output to 

70 


Cc = Cc 
1.4 4.00 1.25 4,00 

Propagation Delay 

Sp to Output ’ 4.00 1.70 4.00 1 

Transition Time ae 

20% to 80%, 80% to 20% : : 
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851001 


PULSE 
GENERATOR 


24 23 22 24 20 19 
18 


17 
16 


TL/F/9862-6 
Notes: 
Voc, Voca = +2V, Vee = —2.5V. 
L1 and L2 = equal length 509 impedance lines. 
Rr = 502 terminator internal to scope. 
Decoupling 0.1 uF from GND to Vcc and Veg. 
All unused outputs are loaded with 509 to GND. 
Cy. = fixture and stray capacitance < 3 pF. 
Pin numbers shown are for flatpak; for DIP refer to logic symbol. 


FIGURE 1. AC Test Circuit 


0.7+0.1 ns 


OUTPUT 


tt 


FIGURE 2. Propagation Delay and Transition Times 


TL/F/9862-7 
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Applications 


The following technique uses two ranks of F100158s to shift 
a 64-bit word from 0 to 63 places. Although two stage de- 
lays are required (one for each rank), the total shift takes 
only about 4 ns. This technique performs a bit shift on each 
8-bit byte in the first rank and then a modulo-8 byte shift on 
the 64-bit word in the second rank. 


Basic 16-Bit 0-7 Place Shifter 


Figure 3 shows the basic 0-7 place shift technique which 
can be expanded to accommodate any word length. 


DATA INPUTS 


Each 8-bit byte requires a pair of F100158s operating in the 
LOW backfill mode. The address lines for each pair of ICs 
are driven out of phase by three OR gates. Inputs for the 
two ICs are taken from two bytes transposed in order; out- 
puts are transposed and emitter-OR tied. One device shifts 
right from location 0 and the other shifts left from location 7. 
The bits shifted off one pair are picked up by the next pair of 
F100158s or—in the case of the last one in the rank—re- 
turned to the first device. The net result is a 0-7 place shift 
of the entire word. 
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FIGURE 3. Basic 16-Bit 0-7 Place Shifter 
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Applications (Continued) 


Expanding to 64-Bit Word and 64-Place Shift 


The basic 0-7 place shift technique can be expanded to 
accommodate a 64-bit word shifted from 0 to 63 places, 
however, two ranks of F100158s are required (Figure 4). 
The first rank is identical to the one illustrated in Figure 3 
except it contains a total of 16 devices. The second rank 
consists of eight additional F100158s connected in the 
modulo-8 configuration shown in Figure 5. 


The modulo-8 rank is used to simulate an 8-bit simultaneous 
shift since the F100158 cannot shift in 8-bit jumps. The 
modulo-8 configuration is achieved by wiring the first rank 
and the output device to the second rank as illustrated in 
Figure 5. The LSB of each output byte in the first rank is 
wired to one of the eight inputs of the first F100158 in the 


MODE SELECT 


1 


01 


second rank. The next least significant bit of each first-rank 
F100158 pair, however, is connected to the inputs of the 
second F100158 in the second rank. The other first-ranked 
outputs are connected in a similar fashion to the remainder 
of the second-rank inputs. Ultimately, the outputs of the 
second rank must then be connected to reform the final 
usable 64-bit word so that the bits are again ordered from 
0-63. 

The effect is that each single-location shift in the second 
rank appears to be an eight place shift in the final word due 
to the way the inputs and outputs of the second rank are 
connected. The combination of the two ranks produces the 
64-place shift of the entire word. 


2 ~t-64-BIT OUTPUT WORD 61 62 63 


ry 


RANK 1 — 16 CHIPS 
0-7 PLACE BIT SHIFT 


|e 


RANK 2 — 8 CHIPS 
MODULO-8 BYTE SHIFT 


2 ~« 64-BIT INPUT WORD— ->61 62 63 
TL/F/9862-9 


FIGURE 4. 64-Bit 0-63 Place Barrel Shifter 
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Applications (Continued) 


0~<—_—$$—_—$_____________ orb To BE SHIFTED —————_—______»_________ » 63 


0123 4 5 6 7 8 9 10 1112 13 14 15 56 5758 59 60 61 62 63 


8 16 24 32 40 48 56 1 9 17 25 33 41 49 57 7 15 23 31 39 47 55 63 


soo Dy D2 D3 Da Ds Dg 07 Do D, Dz D3 D4 Os Dg D7 : so Dy Dz D3 Da Ds De 07 


x Sy F100158 F100158 Sy F100158 
4 2 $2 8 


Mz, Z1 Ze Zs Ze Zs Ze Z7 
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FIGURE 5. Modulo-8 Shift 
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Semiconductor 


F100160 
Dual Parity Checker/Generator 


O9LO0L 


General Description 


The F100160 is a dual parity checker/generator. Each half Refer to the F100360 datasheet for: 

has nine inputs; the output is HIGH when an even number of PCC packaging 

inputs are HIGH. One of the nine inputs (lg or Ip) has the Lower power 

shorter through-put delay and is therefore preferred as the Military versions 

expansion input for generating parity for 16 or more bits. Extended voltage specs (—4.2V to —5.7V) 


The F100160 also has a Compare (C) output which allows 
the circuit to compare two 8-bit words. The C output is LOW 
when the two words match, bit for bit. All inputs have 50 ko. 
pulldown resistors. 


Ordering Code: see sections 


Logic Symbol 


las Ibs Ina Inb Data Inputs 


ta loa ta laa Waa laa Isa tea Ia lob bin lab I3b lap Ib len Ib Ib 


Za, Zp Parity Odd Outputs 
Cc Compare Output 





TL/F/9863-3 


Connection Diagrams 
24-Pin DIP 24-Pin Quad Cerpak 
lab "tb 'ob Vee '7a ‘6a 


24 23 22 21 20 19 


own Om nrhkr WH — 


7 8 9 10 11 12 
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100160 


Logic Diagram 


Io "7b le Isp lap I3p fab tb lop la Va Vee Isa fan toa Iza Ite foe 


LY | 
Y Y 


2 Ze 
TL/F/9863-5 


Truth Table (Each naif) 
Sum of 
HIGH Inputs 
Even HIGH 
Odd LOW 
Comparator Function 
C = (loa ®@ Ita) + (Iza ® Iq) + (4a ® I5q) + 


(Iga ® I7a) + (lob @ Ib) + (lab ® Igp) + 
(l4b © I5b) + (lob © !7p) 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 


DC Electrical Characteristics 


O°C to + 85°C 
~—7.0V to +0.5V 
Vee to + 0.5V 
—50 mA 

—5.7V to —-4.2V 


Case Temperature under Bias (Tc) 
Ver Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 


Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


[1025 [255 | 
= 1085 | 


VoH Output HIGH Voltage 
VouHc Output HIGH Voltage — 1035 


wax] 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin =VIH (Max) 
or VIL (Min) 


Loading with 
502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


091001 


Guaranteed LOW Signal 
for All Inputs 


Vib Input LOW Voltage 1810 —1475 


lit. Input LOW Current | 0.50 | i= = ll 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol_| Parameter | Min__| | Max | 
VoH Output HIGH Voltage — 1020 
VoL Output LOW Voltage | —1810 | 


poe 
are ai Vin = Vin (Min) 
Voic Output LOW Voltage | 1610 or ViL (Max) 


be 
el 
eta oul 


Vin = Vit (Min) 


Conditions (Note 4) 


Vin = ViH (Max) 
or ViL (Min) 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Loading with 
502 to —2.0V 


Loading with 
500. to —2.0V 


P1605 


ee [a 


ieee ES 


VoLc OutputLOW Voltage | | 


Vil Input HIGH Voltage pmo fo 
VIL Input LOW Voltage | 1810 | 


fie Input LOW Current | 0.50 | 


DC Electrical Characteristics 
Vee = —4.8V, Vcc = Voca = GND, To = 0°C to + 85°C (Note 3) 


aan 
fone 


az 1 
ae 

Vous | OutputiGHVottage | 1030 | | iy 
a 

mV 

Pe T= 
es 


Vin = Vit (Min 


Conditions (Note 4) 


Vin = ViH (Max) 
or ViL (Min) 


Vin = VIH (Min) 
or Vit (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Loading with 
502 to —2.0V 


Loading with 
502 to —2.0V 


Votc Output LOW Voltage fF 


Vi Input HIGH Voltage are = 
VIL Input LOW Voltage ~ 1830 


he Input LOW Current | 0.50 | Vin = Vit (Min 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these ‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcoca = GND, Tc = 0°C to + 85°C 


Conditions 


Input HIGH Current 
las Ib Vin = VIH (Max) 
Ina» Inb 

inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Vcc = Voca = GND 


Parameter oz zs = its Conditions 


Propagation Delay 
Ina» Inb to Za, 2b 
Propagation Delay 


Propagation Delay 
las Ib to Za Zp 





Transition Time 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


acasiet eae bd earache 


Propagation Delay 
Inas Inb to Za, 2b 


Propagation Delay 
Inas Inb to Cc 


Figures 1&2 
Propagation Delay 
la, Ib to Za, Zp 


Transition Time 
20% to 80%, 80% to 20% 
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PULSE 
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TL/F/9863-6 
FIGURE 1. AC Test Circuit 


Notes: 

Voo. Veca = +2V, Veg = —2.5V 

L1 and L2 = equal length 50M impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 F from GND to Voc and Veg 

All unused outputs are loaded with 502 to GND 

C,, = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


0.720.1 ns aoe 
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OUTPUT 


et 
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tTLH =i {THLE 


FIGURE 2. Propagation Delay and Transition Times 
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National 
Semiconductor 


F100163 
Dual 8-Input Multiplexer 





General Description 


The F100163 is a dual 8-input multiplexer. The Data Select Refer to the F100363 datasheet for: 


(S,) inputs determine which bit (A, and B,) will be present- 
ed at the outputs (Zg and Zp respectively). The same bit 
(0-7) will be selected for both the Z, and Zp output. All 
inputs have 50 kN, pulldown resistors. 


Ordering Code: see Sections 


Logic Symbol 


PCC packaging 

Lower power 

Military versions 

Extended voltage specs (—4.2V to —5.7V) 


| PinNames Description 


Ag Ai Az A3 Ag As Ag Az Bo B; B2 Bg By Bs Beg Bz 
S 


TL/F/9864-3 


Connection Diagrams 


24-Pin DIP 


oan nor WwW Dd — 


~_— Fo 
nu =~ Oo 


TL/F/9864-1 
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Data Select Inputs 
A Data Inputs 
B Data Inputs 
Data Outputs 


24-Pin Quad Cerpak 
By So Sq Veg So Az 


24 23 22 21 20 19 


7 8 9 10 11 12 


Bo 2» VecVoca Za Ao 
TL/F/9864-—2 





Logic Diagram 
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H = HIGH Voltage Level 
L = LOW Voltage Level 
Blank = X = Don’t Care 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Ver to +0.5V 


storage Feraperaire —65°C to + be Output Current (DC Output HIGH) -—50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —~5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol_| Parameter | Min | Max | Units _| Conditions (Note 4) 
VoH Output HIGH Voltage ~ 1025 mV ~ Vin = Vin (Max) Loading with 
VoL Output LOW Voltage ~1810 | -—1705 | —1620 Or VIL (Min) 502 to —2.0V 
VoHc Output HIGH Voltage — 1035 Re mV Vin = ViH (Min) Loading with 
Votc Output LOW Voltage az —1610 or VIL (Max) 502 to —2.0V 


Vid Input HIGH Voltage 1165 —880 Guaranteed HIGH Signal 
for All Inputs 

VIL Input LOW Voltage — 1810 —4475 Guaranteed LOW Signal 
for All Inputs 


Input LOW Current | 0.50 a Vin = VIL (Min) 


DC Electrical Characteristics 
VeE = —4.2V, Voc = Voca = GND, To = 0°C to '+85°C (Note 3) 


symbol | Parameter | Min | T ee Conditions (Note 4) 
Vou Output HIGH Voltage | —1020 | Vin = Vin(Max) | Loading with 
VoL Output LOW Voltage | -1s10 | — | 1605 | or VIL (Min) 502 to —2.0V 


VoHc OutputHIGH Voltage | -1090 | | | Vin = Vin (Min) | Loading with 
Voie OutputLOw Voltage |. = | sf 1595 | or ViL (Max) 500 to —2.0V 
Guaranteed HIGH Signal 


VIH Input HIGH Voltage 1150 ~870 
for All Inputs 

ViL Input LOW Voltage ~1810 41475 Guaranteed LOW Signal 
for All Inputs 


le Input LOW Current Vin = Vit (Min) 


DC Electrical Characteristics 
VeE = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol | Parameter | Min | Typ _| tat Conditions (Note 4) 

VoH Output HIGH Voltage | —1035 en ae Vin = Vin(Max) | Loading with 
VoL Output LOW Voltage | -1830 | | — 1620 or ViL (Min) 502 to —2.0V 
VoHC Output HIGH Voltage | -105 | =| | Vin = VIH (Min) Loading with 
Vouc OutputLowVoltage | | | 1610 or VIL (Max) 502 to —2.0V 


Vin Input HIGH Voltage ae ie albianiees HIGH Signal 
or nputs 
Vit Input LOW Voltage 4830 i a 1490 Rack Ade eee Signal 


lit Input LOW Current Vin = VIL (Min) 


Note 1: Absolute maximum ratings are those ee beyond which the device may eee damaged or eel its useful life Impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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DC Electrical Characteristics 
Vege = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to + 85°C 





Conditions 










Input HIGH Current 
Sn 
An: Bn 







Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Vcc = Voca = GND 












= 09° = °C = +4 °C 
paveinbtae Te = 0c 


Propagation Delay 
Ao-Az, Bo-By to Output 0.55 1.65 0.60 
Propagation Delay 
So-So to Output 1.10 2.80 1.10 


Symbol Conditions 






Figures 1&2 


Transition Time 
20% to 80%, 80% to 20% Qe > alee 


Cerpak AC Electrical Characteristics 
Vege = —4.2V to —4.8V, Vcc = Voca = GND 


Parameter Cees Tes T2856 


Propagation Delay 

Ao-A7, Bo-B7 to Output B99 ie G60 

Propagation Delay 

Sp-So to Output 1.10 2.60 1.10 
Transition Time 













Tc = +85°C 


Symbol! Conditions 






Figures 1 & 2 


3-153 


E9LO00L 


100163 


Notes: 

Voo. Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 50 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 uF from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

CL = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


0.7+0.1 ns 


OUTPUT 
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FIGURE 1. AC Test Circuit 


aA 


FIGURE 2. Propagation Delay and Transition Times 


3-154 


SCOPE 
CHAN B 


tTLH 


TL/F/9864~6 


TL/F/9864-7 





National 
Semiconductor 


F100164 
16-Input Multiplexer 


General Description 


The F100164 is a 16-input multiplexer. Data paths are con- 
trolled by four Select lines (Sg-S3). Their decoding is shown 
in the truth table. Output data polarity is the same as the 
selected input data. All inputs have 50 kN pulldown resis- 
tors. 


Ordering Code: see Sections 


Logic Symbol 


s Wy 2 Ig Ia ts Ie tz tg tg to ta Wy2 843 Ita ths 


TL/F/9865-3 


Connection Diagrams 


24-Pin DIP 


oaoanoonrnnnr wanhye = 


—_— 
no = OO 


TL/F/9865~1 
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Refer to the F100364 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (—4.2V to —5.7V) 


| _PinNames | ___—Description 


Data Inputs 
Select Inputs 
Data Output 


24-Pin Quad Cerpak 
S3 S2 Sy Vee So ts 


24 23 22 21 20 19 


7 8 9 10 11 12 


Is '7VocVeca 2 '8 
TL/F/9865-2 
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Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 


DC Electrical Characteristics 
Ver = —4.5V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


Tn |e | 
1028 [955 


Symbol Parameter 

Vou Output HIGH Voltage 
VoL Output LOW Voltage 
VoHc Output HIGH Voltage 
VoLc Output LOW Voltage 
Vin Input HIGH Voltage 


Vit Input LOW Voltage 


DC Electrical Characteristics 


lit Input LOW Current 


0°C to + 85°C 
—7.0V to + 0.5V 
Veg to +0.5V 
—50 mA 

—5.7V to —4.2V 


Case Temperature under Bias (Tc) 
Veg Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or VIL (Min) 


Loading with 
— 502 to —2.0V 


Vin = VIH (Min) 
or Vit (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


PA | Vin = Vi min 


Vee = —4.2V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter 
Vou Output HIGH Voltage 
VoL Output LOW Voltage 
VoHc Output HIGH Voltage 
VoLc Output LOW Voltage 
Vin Input HIGH Voltage 


Vit Input LOW Voltage 


< < < 


= 
> 


lit Input LOW Current 


DC Electrical Characteristics 


Vee = —4.8V, Vcc = Voca = GND, To = O°C to +85°C (Note 3) 


Parameter 
VoH Output HIGH Voltage 
VoL Output LOW Voltage 
VoHC Output HIGH Voltage 
Votc Output LOW Voltage 
Vin Input HIGH Voltage 


Symbol 


ViL Input LOW Voltage 


| 
@ 
o 


lie Input LOW Current 


—870 
— 1605 


—880 
— 1620 


—1610 


Conditions (Note 4) 
Vin = VIH (Max) Loading with 
or VIL (Min) 50 to —2.0V 


Loading with 
502 to —2.0V 


Vin = VIH (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


< 


Vin = VIL (Min) 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = Vi (Max) 
or Vit (Min) 


Loading with 
50 to —2.0V 


Vin = Vin (Min) 
or Vit (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


mV 


mV 


Vin = Vit (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Voc = Voca = GND, Tc = 0°C to + 85°C 


Conditions 


Input HIGH Current 

In 

So, $4 Vin = VIH (Max) 
So, S3 


Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 


lo-l1s to Output 0.80 2.20 0.90 


Propagation Delay 
So, S1 to Output 


Propagation Delay 
So, Sg to Output 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1 and 2 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 080 2.00 0.90 245 

Io-l45 to Output ; ; : : 

Propagation Delay 

So, $1 to Output 1.45 2.90 1.45 3.00 1.55 3.40 


Propagation Delay 
Sp, Sg to Output 1.10 2.25 1.10 2.30 1.20 2.60 


Transition Time 
20% to 80%, 80% to 20% 0.45 1.60 0.45 1.60 0.45 1.60 js | 


Figures 7 and 2 


TL/F/9865-6 
FIGURE 1. AC Test Circuit 
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0.7+0.1 ns ee ns 


OUTPUT 
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FIGURE 2. Propagation Delay and Transition Times 


TL/F/9865-7 


Notes: 

Voc. Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 502 impedance lines 

Rr = 50N terminator internal to scope 

Decoupling 0.1 AF from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

C, = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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National 
Semiconductor 


F100165 
Universal Priority Encoder 





General Description 


The F100165 contains eight input latches with a common 
Enable (E) followed by encoding logic which generates the 
binary address of the highest priority input having a HIGH 
signal. The circuit operates as a dual 4-input encoder when 
the Mode Control (M) input is LOW, and as a single 8-input 
encoder when M is HIGH. In the 8-input mode, Qo, Qy and 
Qo are the relevant outputs, !9 is the highest priority input 
and GS; is the relevant Group Signal output. In the dual 
mode, Qo, Qy and GS, operate with Ip-!5. Qe, Q3 and GSo 


Ordering Code: see sections 


Logic Symbol 


Q; GS; GS. Q2 


operate with I4-l7. A GS output goes LOW when its perti- 
nent inputs are all LOW. 


Inputs are latched when E goes HIGH. A HIGH signal on the 
Output Enable (OE) input forces all Q outputs LOW and GS 
outputs HIGH. Expansion to accommodate more inputs can 
be done by connecting the GS output of a higher priority 
group to the OE input of the next lower priority group. All 
inputs have 50 kN. pulldown resistors. 


Description 


Data Inputs 
Enable Input (Active LOW) 
Output Enable Input (Active LOW) 


Mode Control! Input 
Group Signal Outputs 
Data Outputs 
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Connection Diagrams 


24-Pin DIP 


oon nor WD = 


a ek ee 
nun =~ oO 


TL/F/9866-1 


Complementary Data Outputs 


24-Pin Quad Cerpak 
ls M E Ver OF ly 


24 23 22 21 20 19 


7 8 9 10 11 12 


Qy G54 Voc Vora G52 Q2 
TL/F/9866-2 
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£ 
© 
kL 
D 
a 
Q 
A 
2) 
° 
I 


TL/F/9866~-5 


Truth Table 





Given by Ip-!7 when E was LOW and M = L 


Given by Ip-l7 when E was LOW and M = H 


jz] 2-422 Bie) gees (ape Yan ee z =| =| Be 
i 
Sie Fal ae [epee (me Pe | aes Ea 


(35 ee ee es es Os re es ee ee re Ok Pe ee ee eS eS es DS DS OS a Ds 


Don’t Care 


X = 


H = HIGH Voltage Level 


L = LOW Voltage Level 


Blank 
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Absolute Maximum Ratings 


Above which the useful life may be impaired. (Note 1) 


If Mititary/Aerospace specified devices are required, _ Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Ver to +0.5V 


Storage Temperature —65°C to + sii Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) +150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbot_| Parameter |_ Min | Typ | Max | Units Conditions (Note 4) 

Vou Output HIGH Voltage | -1025 | -955 | -s880 | _, | Vin=Vinimax | Loadingwith 
VoL Output LOW Voltage | -1810 | -1705 | —1620 oF VIL (Min) POH EON 
VoHC OutputHIGH Voltage {| -1095 | | || Vin=Vinatiny | Loading with 
Vote Output LOW Voltage a Aaa —1610 Or ViL (Max) 502 to —2.0V 


Vit Input LOW Voltage . —1810 Po —4475 rates 


Guaranteed LOW Signal 
Input owCurrent | 050 [| TA | Vin = icin 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


Symbol_| Parameter | Min__| Typ | Max | Units | Conditions (Note 4) 
VoH OutputHIGH Voltage | -1020 | = | -870 | Vin = Vin(Maxy) | Loading with 
Voi OutputLOW Voltage | —1810 | — | —1605 or ViL (Min) poste = 2.0¥ 


or VIL (Max) 502 to —2.0V 


Vous _| OutputLowvottage | | | = 1595 _| 


Vind Input HIGH Voltage —1150 | | 870 | 
Input LOW Voltage - = Guaranteed LOW Signal 


mV 
| inputLowCurent | oso | | | A Vin = Viv evi 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol_| Parameter | Min__| Typ | Max | Units | Conditions (Note 4) 

Vou Output HIGH Voltage —1035 | | 880 | mV Vin = VIH (Max) Loading with 
VoL Output LOW Voltage | -1830 | = | —1620 or VIL (Min) 50M to —2.0V 
VoHC Output HIGH Voltage | —1045 ja] Vin = Vin (Min) | Loading with 


Guaranteed HIGH Signal 
for All Inputs 


Vouc Output HIGH Voltage | —1030 ta] ™ | Vin = Vin (min) | Loading with 


Vouc OutputLOW Voltage | =| | -1610 or VIL (Max) Bore a0N 


Vin Input HIGH Voltage Guaranteed HIGH Signal 


3165 See for All Inputs 


VIL Input LOW Voltage — 1830 —1490 mV Guaranteed LOW Signal 
for All Inputs 


mn | tnputow Curent | 0.50 | | TA | Viv = Vin in 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these ‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Voc = Vcca = GND, To = 0°C to + 85°C 


Conditions 


Input HIGH Current hs a 
All Inputs IN IH (Max) 


Power Supply Current Inputs Open 


S91L001 


Ceramic Dual-In-Line Package AC Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


tpLH Propagation Delay 
tPHL lo-l7 to Qg—Q3, Qo-Qz3 1.10 4.10 1.10 4.10 1.10 4.60 
(Transparent Mode) 


tpLH Propagation Delay 
tPHL lo—l7 to GSy-GSo 
(Transparent Mode) 


Figures 1 and 3 





tpLH Propagation Delay 
tPHL OE to Qo-Q3, Qo-Qz3 
tpLH Propagation Delay 
teHL OE to GS;-GSo 

tpLH Propagation Delay 
tPHL M to Qo-Q3, Qp-O3 


tpLH Propagation Delay 


ae E to Qo-Qz, Go-Gg Figures 1 and 3 


trLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


0.45 : : . . : Figures 1,2and 3 


ts Setup Time 
lo-l7 

ty Hold Time 
lo-l7 

tow(L) Pulse Width LOW 
E 


1.00 
Figure 4 


1.20 


2.00 : Figure 3 





3-163 


100165 


a 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND. 


tPLH Propagation Delay 
teHL lo-I7 to Qp-Q3, Qp-Q3 1.10 3.90 1.10 3.90 1.10 4.40 
(Transparent Mode) Figures 1 and 3 
teLH Propagation Delay : 
teu Io-l7 to GS;-GSo 1.30 3.70 1.30 3.70 1.30 4.00 
(Transparent Mode) 





tPLH Propagation Delay ~ : 
— so 1.00 2.80 1.00 2.80 1.10 3.10 
teHL OE to Qo-Q3, Qo-O3 
tPLH Propagation Delay 
pats : . : : .20 5 2 
toy. OE to GS}-GS» 1.10 2.40 1.10 2.40 1.2 2.60 Figures 7 and 


tpLH Propagation Delay 
eo os 0.90. 3.40 1.00 3.40 1.00 3.60 
tPHL M to Qo-Q3, Qo-Q3 


teLH Propagation Delay 


= = 14.50 450 | 150 440 | 1.50 4.80 
tPHL E to Qo-Q3, Qo-Q3 


Figures 1 and 3 


tTLH Transition Time 


trac 20% to 80%, 80% to 20% 0.45 1.40 0.45 1.30 0.45 1.40 


Figures 1,2and 3 


tH Ae 1.10 1.10 1.10 
E 


Figure 3 





FL/F/S80 88 


FIGURE 1. AC Test Circuit 
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S9LO0L 


OUTPUT tpLH 


COMPLEMENT 


tTLH a aes tTHL 
TL/F/9866-7 


FIGURE 2. Propagation Delay (M, OE) and Transition Times 
Notes: 
Veo: Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 50 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 509 to GND 
Cy. = Fixture and stray capacitance < 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 


0.7+0.1 ns 


’ aleetentententontententententontonte \ 


\ 


‘ 


wwe mem emw ee mw wad Nc ee ee ew we we we we = + (31 V 


tow eR al 


ENABLE TRANSPARENT LATCHED TRANSPARENT 


{PHL 
teLH 


Cold he te lene Y 


OUTPUT (Qn) 


he eee ae ere ree a ae oe ee ee ee ee ee ee ee ee 


trot, trtn 


TL/F/9866-8 
FIGURE 3. Enable Timing 





— 


TL/F/9866-9 
FIGURE 4. Setup and Hold Times 
Notes: 
ts is the minimum time before the transition of the enable that information must be present at the data input. 
th is the minimum time after the transition of the enable that information must remain unchanged at the data input. 
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National 
Semiconductor 


F100166 
9-Bit Comparator 





General Description 


The F100166 is a 9-bit magnitude comparator which com- 
pares the arithmetic value of two 9-bit words and indicates 
whether one word is greater than, or equal to, the other. 


Ordering Code: see Sections 
Logic Symbol 
Bo Ao By Ai Bz A2 Bz A3 Ba Ag Bs As Bg Ag Bz A7 Bg Ag 


B>A A=B A>B 


Other functions can be generated by the wire-OR of the 
outputs. All inputs have 50 kf. pulldown resistors. 


A Data Inputs 
B Data Inputs 


A Greater than B Output 
B Greater than A Output 
Complement A Equal to B Output 





TL/F/9867-3 


Connection Diagrams 


24-Pin DIP 


oan none WwW DS 


=_ = = 
nv —- Oo 


TL/F/9867~1 


(Active LOW) 


24-Pin Quad Cerpak 
Bg By Bg Veg Ag Az 


24 23 22 21 20 19 


B>A A=B Voc Voc, A>B Ag 
TL/F/9867-2 
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Logic Diagram 


TL/F/9867-5 


Truth Table 


AgBa 


Ag = Bg 
Ag = Bg 


Ag = Bg 
Ag = Bg 
Ag = Bg 
Ag = Bg 


Ag = Bg 
Ag = Bg 
Ag = Bg 
Ag = Bg 


Ag = Bg 
Ag = Bg 
Ag = Bg 
Ag = Bg 
Ag = Bg 
Ag = Bg 
As = Bg 

H = HIGH Voltage Level 


L = LOW Voltage Level 
Blank = Don't Care 


TFHETITIOTITyITITITrArtILTCTTTryrTTTt.t 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltag 4 (DC) Veg to +0.5V 


Storage Temperate ek sa ie Output Current (DC Output HIGH) —50mA 
Maximum Junction Temperature (Ty) +150°C Operating Range (Note 2) | —5.0V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Vin Input HIGH Voltage oe re Guaranteed HIGH Signal 
HipS 880 ny for All Inputs 
Input LOW Voltage | 10 | | nee * Suse TON Signal 


—1810 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol_| Parameter | Min__| Typ | Max | Units | Conditions (Note 4) 

Vou | OutputHiGH voltage | -1o20 | | 870 | 1, Vin = VIH (Max) | Loading with 
Vou__|OutputLowvottage_| -1810 | | -1605_| i a Suet 
VoHo__| OutputHiGHvoltage | -1030 | | Vin = VIH (Min) Loading with 


mV 
Vid Input HIGH Voltage _ -_ Guaranteed HIGH Signal 
VIL Input LOW Voltage —4810 4475 mV Guaranteed LOW Signal 
-| for All Inputs 


n___|__ Input Low Current a ee ee 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol Parameter 


| Min Conditions (Note 4) 
VoH Output HIGH Voltage —1035 —880 


Vin = VIH (Max) Loading with 
Voi Output LOW Voltage 1620 or VIL (Min) poe aay 


Vouc OutputHIGH Voltage | -1045 | | Vin = Vin (Min) | Loading with 
VoLc Output LOW Voltage | = 1610 Or ViL (Max) SOOO SOY 


== 4480 for All Inputs 


Input HIGH Voltage 1165 —880 Guaranteed HIGH Signal 
for All Inputs 


VIL Input LOW Voltage 1830 Guaranteed LOW Signal 


tie Input LOW Current 


mV 
mV 
mV 
mV 
Vin = VIL (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, Tc = 0°C to +85°C 


991001 


Parameter Conditions 


Input HIGH Current 


All Inputs Vin = ViH (Max) 


Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Veca = GND 


Parameter Tc = +85 Cc Conditions 





= Cc 

Beau ig! 1.40 350] 1.40 3.50 1.40 3.90 ns 
Figures 1 and 2 

Transition Time 

20% to 80%, 80% to 20% 0.45 1.55 0.45 1.50 0.45 1.50 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voeca = GND 


Symbol Parameter LS seat odd Conditions 


°C 
Propagation Delay 
.40 30 4 : 
Data to Output 140 3.3 1.40 3.30 
Transition Time 
20% to 80%, 80% to 20% 0.45 1.45 | 0.45 1.40 


.40 3. 
Figures 1 and 2 
45 1 


1 
0 





TL/F/9867-6 


FIGURE 1. AC Test Circuit 


Notes: 

Veo: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 509 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 .xF from GND to Vcc and Veg 

All unused outputs are loaded with 509 to GND 

CL = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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0.7+0.1 ns 


OUTPUT 


tTLH 


FIGURE 2. Propagation Delay and Transition Times 
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TL/F/9867-7 





National 
Semiconductor 


F100170 
Universal Demultiplexer/Decoder 


General Description 

The F100170 universal demultiplexer/decoder functions as 
either a dual 1-of-4 decoder or as a single 1-of-8 decoder, 
depending on the signal applied to the Mode Control (M) 
input. In the dual mode, each half has a pair of active-LOW 
Enable (E) inputs. Pin assignments for the E inputs are such 
that in the 1-of-8 mode they can easily be tied together in 
pairs to provide two active-LOW enables (E14 to Ep, Eo, to 
Eop). Signals applied to auxiliary inputs Ha, Hp and H, deter- 
mine whether the outputs are active HIGH or active LOW. In 
the dual 1-of-4 mode the Address inputs are Aga, Aja and 


Ordering Code: see sections 


Logic Symbols 
Single 1-of-8 Application 


‘“ AosAraAze Es En Aop Aib 


2 21 Z2 Z3 Zq Zs Ze 27 


TL/F/9868-4 


Connection Diagrams 
24-Pin DIP 


oon nor wn = 


=_ om 
nu ~~ Oo 


TL/F/9868=1 





Dual 1-of-4 Application 


Zoa 21a Z2a 23a Zon 21b 220 Zap 





OZLOOL 


Aob; Ab with Agg unused (i.e., left open, tied to Vee or with 
LOW signal applied). In the 1-of-8 mode, the Address inputs 
are Aga, Ata, Aza with App and Ayp LOW or open. All inputs 
have 50 kf. pulldown resistors. 
Refer to the F100370 datasheet for: 

PCC packaging 

Lower power 

Military versions 

Extended voltage specs (—4.2V to —5.7V) 


Description 


Address Inputs 

Enable Inputs 

Mode Control Input 

Zo~-Z3 (Zoa~Z3a) 
Polarity Select Input 

24~27 (Zop-Zab) 


Polarity Select Input 
Common Polarity 
Select Input 
Single 1-of-8 
Data Outputs 
Dual 1-of-4 
Data Outputs 


Zo-Z 
TL/F/9868-5 es 


Zna: 2nb 


24-Pin Quad Cerpak 
Ha Exe ob Vee Eph Ete 


24 23 22 21 20 19 


7 8 9 10 11 12 


Zab Z1b VocVoca 23a 20a 
(Z,)(Z5) (Z3)(Z9) 
TL/F/9868-2 


3-171 
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Logic Diagram 


Hp He Ha EapEin Atp M AzeEzaEva Ata 


Zap Z4b 2 Zon = Za 
(27) (2s) (Za) (26) (23) (21) (Zo) (Za) ' 
TL/F/9868-6 


Note: (Z,,) for 1-of-4 applications. 
Truth Tables 
Dual 1-of-4 Mode (M = Aza = He = LOW) 


Active HIGH Outputs Active LOW Outputs 
(H, and Hp Inputs HIGH) (Hg and Hp Inputs LOW) 


Single 1-of-8 Mode (M = HIGH; Agp = Aqp = Ha = Hp = LOW) 


Active HIGH Outputs* 
(H, Input HIGH) 


DISCS SSPE 
H| xX] X X X }ELILIL]JLILY]YLY]YLY]L 
LL L L L LiL] LY]ILYIL 


H 


roreoovelier ee 


L 
L 
L 
L 
L 
L 
L 





= HIGH Voltage Level 
= LOW Voltage Level 
= Don't Care 

‘or H, = LOW, output states are complemented 

1 = Eyg and Eyp wired; Ep = E22, and Eop wired 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 


OZ} OO} 


0°C to + 85°C 
—7.0V to + 0.5V 
Veg to + 0.5V 
—50mA 

—§.7V to —4.2V 


Case Temperature under Bias (Tc) 
Veg Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Vin Input HIGH Voltage ~41165 
Input LOW Voltage 


Input LOW Current 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


VIH Input HIGH Voltage ~1150 | | 870 | 
Input LOW Voltage 1810 


Conditions (Note 4) 


Vin = VIH (Max) 
or VIL (Min) 


Vin = VIH (Min) 
or VIL (Max) 


Loading with 
50 to —2.0V 


Loading with 
502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 





Vin = VIL (Min) 


Conditions (Note 4) 


—870 Loading with 


500 to —2.0V 


Vin = Vin (Max) 
or VIL (Min) 


Loading with 
502 to —2.0V 


Vin = VIH (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


its 
Te or 
tapattowGurent [oma | |] a 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Vin = VIL (Min) 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or VIL (Min) 


VOH 
VoL 


Output LOW Voltage — 1830 — 1620 


VoHC 


Vote 
VIH 


ue 


[atin [typ [wax] 
[Output GH vorage | —1098 |_| 860 | ny 
eal 
aoe 


Output HIGH Voltage 
Output LOW Voltage 


Input HIGH Voltage 1165 ao 


Input LOW Voltage ~1830 


Input LOW Current | 0.50 | 


Vin = VIH (Min) 
or ViL (Max) 


Loading with 
502 to —2.0V 





Saf 
ie ee ee 


ae ae 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vit (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case’ values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, Tc = 0°C to +85°C 


|__Parameter_— | Min | typ_—|__Max__| Units | Conditions 


Input HIGH Current at aad 
He; Aga Ata: Aza 310 Vin = VIH (Max) 
All Others 250 


Power Supply Current | -159 | | -t09_| -76 | mA __| __ Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 
Ena, Enp 10 Output 0.90 2.30 0.90 2.20 0.90 2.3 ( 


Propagation Delay 
.00 2.80 1.00 2.70 1.00 2.90 
Ana> Anb to Output , A 2 


Propagation Delay 
. . 3. Fi tand2 
Hay Hp He to Output 1.00 3.00 | 1.00 = 2.90 | 1.00 00 igures 1 and 


Propagation Delay 

M to Output 1.50 3.90 1.60 3.80 1.60 3.90 

Transition Time 

20% to 80%, 80% to20% | O45 1-70 | 045 1.70 | 0.45 1.80 js | 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 





Propagation Delay 

Ena: Enb to Output 

Propagation Delay | 
; 2.70 

Ana Anb to Output 1.00 2.60 eG : 

Propagation Delay 

Ha, Hp; He to Output 


Figures 1 and 2 
Propagation Delay 
M to Output 


Transition Time 
20% to 80%, 80% to 20% 
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OZLOOL 


PULSE 
GENERATOR 


24 23 22 21 20 19 
18 


7 
16 
15 
14 


25 uF 0.1 pF 
a Ar 
= Veco 


TL/F/9868-7 
FIGURE 1. AC Test Circuit 
Notes: 
Voc: VocA = +2V, Veg = —2.5V 
L1 and L2 = equal length 502 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 4F from GND to Vco and Veg 
All unused outputs are loaded with 509 to GND 
C. = Fixture and stray capacitance < 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 


0.7+0.1 | i ; eae ns 


80% 
OUTPUT 50% 
| 
20% 


7 alias: 


TL/F/9868-8 


FIGURE 2. Propagation Delay and Transition Times 
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National 
Semiconductor 


F100171 





Triple 4-Input Multiplexer with Enable 


General Description 


The F100171 contains three 4-input multiplexers which 
share a common decoder (inputs So and S;). Output buffer 
gates provide true and complement outputs. A HIGH on the 
Enable input (E) forces all true outputs LOW (see Truth Ta- 
ble). All inputs have 50 kN pull-down resistors. 


Ordering Code: see Sections 
Logic Symbol 


E loa lta laa Iga lob tb lap tab loc Ite lee 3c 
So 


S1 


TL/F/9869-3 


Connection Diagrams 


24-Pin DIP 


oo nn Pm oO FP WP 


=—_— — 
po — Oo 


TL/F/9869-1 


Refer to the F100371 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (—4.2V to —5.7V) 


| PinNames _ | Description 


Date Inputs 
Select Inputs 


Enable Input (Active LOW) 
Data Outputs 
Complementary Data Outputs 





24-Pin Quad Cerpak 
tb lob E Ver Sy So 


24 23 22 21 20 19 


7 8 9 10 11 12 


Ze Ze VecVeca 2b 2b 
TL/F/9869-2 
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Logic Diagram 


LZLOOL 





TL/F/9869-5 


Truth Table 





Inputs 


H = HIGH Voltage Level 
L = LOW Voltage Level 
xX 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Veca = GND, To = 


ViH Input HIGH Voltage 41165 ht 
VIL Input LOW Voltage ~ 1810 2. oe 


lit Input LOW Current 


DC Electrical Characteristics 


0°C to + 85°C 
—7.0V to +0.5V 
Vee to +0.5V 
—50 mA 

—5.7V to —4.2V 


Case Temperature under Bias (Tc) 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 


0°C to + 85°C (Note 3) 


Conditions (Note 4) 


Vin = ViH (Max) 
or ViL (Min) 


Vin = VIH (Min) 
or VIL (Max) 


Loading with 
502 to —2.0V 


Loading with 
502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Ea Se Vin = Vit (Min) 


VEE = —4,2V, Voc = Voca = GND, To = o°c to + 85°C (Note 3) 


Symbol | Parameter | Min. | Typ | Max | Units 
| Output HIGH Voltage | -1o20 | | -870_| 


VoH 


VoL Output LOW Voltage | -1810 | — | —1605 


VoHc 
Vote 


Vin Input HIGH Voltage 


lit Input LOW Current Ns =S060" sits-  aliliesen-6 = 


DC Electrical Characteristics 


| OutputHIGH Voltage | -1090 | | 
| Output Low vottage | | |= 1595 


Pe 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or ViL (Min) 


‘ Loading with 
502 to —2.0V 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = VIL (Min 


Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


oa rar vonage” [Seas | — [055] 
output hia votags | —108 | [|_| 
outputtow votags | || =te10 


[eae Ta 
VIL Input LOW Voltage ~ 1830 = —1490 


m___|_tmputLowCurrent__| oso | | 


VoH 


VoHC 
VoLc 


Vin Input HIGH Voltage a 1165 | 


Conditions (Note 4) 


Loading with 
502 to -2.0V 


Vin = VIH (Max) 
or ViL (Min) 


Loading with 
502 to —2.0V 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signa! 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


BA Vin = VIL (Min 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful! life impaired. Functional operation under these 


conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these ‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcoca = GND, To = O°C to + 85°C 


LZLO0} 


Conditions 


Input HIGH Current 


lox-l3 = 
So, SE Vin = VIH (max) 


Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 
lox—!3x to Output 


Propagation Delay 


So, $1 to Output 
Propagation Delay 

E to Output 

Transition Time 

20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Vcc = Voca = GND 


Figures 1 and 2 





Propagation Delay 
lox—!3x to Output 


1.50 0.45 


Propagation Delay 
So, S1 to Output 


Propagation Delay 
E to Output 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1 and 2 
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100171 


PULSE 
GENERATOR 


24 23 22 21 20 19 
18 


7 
16 
15 


TL/F/9869-6 
FIGURE 1. AC Test Circuit 


0.7 +0.1 ns —> 0.7 +£0.1 ns 
+1.05V 


SJ 


TRUE 


OUTPUT 


COMPLEMENT 


tTLH al {THLE 


FIGURE 2. Propagation Delay and Transition Times 


TL/F/9869-7 


Notes: 

Voc: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 502 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 pF from GND to Vo¢ and Veg 

All unused outputs are loaded with 509 to GND 

C. = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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A National 
Semiconductor 
F100175 

Quint Latch 100K In/10K Out 


General Description Features 

The F100175 is a 5-bit latch with temperature and voltage  ™ Outputs specified to drive a 502 load 
compensated 100K compatible inputs and voltage compen- _™ Available in 16-pin ceramic DIP 

sated 10K compatible outputs. Each latch has one datain- ™ 100K compatible inputs/10K compatible outputs 
put and one output. All five latches share a common clear 

input and two enable inputs. All inputs have 50 kN pull- 

down resistors. 


Ordering Code: see Sections 
Logic Symbol Connection Diagram 
16-Pin DIP 


1 

2 
3 
4 
5 
6 
7 
8 


100K Data Inputs 

100K Enable Inputs TL/F/9870-1 
100K Common Clear Input 

10K Data Outputs 


Logic Diagram 
c 


H = HIGH Voltage Level 
L = LOW Voitage Level 
X = Don’t Care 

Qn-1 = Previous State 


TL/F/9870-3 
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100175 


Absolute Maximum Ratings 
Above which the useful life may be impaired 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature Under Bias (Ta) —55°C to + 125°C 
Maximum Junction Temperature (TJ) + 150°C 
Supply Voltage —8V 
Input Voltage (DC) —5.2V to +0V 
Output Current (DC Output HIGH) _ —55mA 
Operating Range a —5.72V to —4.68V 
Lead Temperature (Soldering, 10 sec.) . 300°C 


DC Electrical Characteristics 


Recommended Operating 

Conditions 

Min 

—5.72V 
0°c 


Max 
—4,68V 
+75°C 


Typ 
Supply Voltage (Vee) —5.2V 


Ambient Temperature (Ta) 


Vee = —5.2V, Voc = Voca = GND, Ta = 0°C to + 75°C (Notes 1, 2) 


Temp 
Ta = 0°C | 
Ta = +25°C 
+75°C 


symbol 


Output HIGH Voltage — 1000 


TA = 


Output LOW Voltage | Ta = 0°C —1870 


Output HIGH Voltage 


Output LOW Voltage 





Input HIGH Voltage -—1165 


Pyare] 
Input HIGH Current a 
Input LOW Current | 0.50 | 
Vee Supply Current ie 


Bae 
es 
= 


_ 
Tas +250 | ~1850| 
|Ta= +750 | -1e30| | ~1625 | mv | 
| =t020| || mv 
|Ta= +250 | -se0 | | | mv | 
|Ta= +750 | -s20 | | | mv | 
[tase | || 1645 | mv | 
[Tas +esc| | | =1630 | mv _ 


ae 

ated 
[Imputtowvotage | 1810 || 1475 | 

ae 

ba 

| 90 | 


Conditions 


Vin = VIH (Max) 
or Vit (Min) 


| 10 | 
| =1650 |_m 


| Max 
0 mV 

mV 

0 mV 

mV 
V 


Vin = VIH (Max) 
or Vit (Min) 


Loading with 
VIN = VIH (Min) 502 to —2.0V 


or VIL (Max) 


Vin = VIH (Min) 
or ViL (Max) 





mv 
mV 


Guaranteed HIGH Signal for All Inputs 
Guaranteed LOW Signal for All Inputs 


V 
A | Vin = VIL (Min) 
mA 


m 
Vin = VIH (Max) 
pe 


Inputs Open 


Note 1: The specified limits represent the ‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 2: The specified limits shown in the DC Characteristics can be met only after thermal! equilibrium has been established. Thermal equilibrium is established by 


applying power for at least 2 minutes while maintaining transverse air flow of 2.5 meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board, Test voltage values are given in the DC Operating Conditions and defined in Figure 4. 
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DC Electrical Characteristics 
Vee = —4.68V, Voc = Voca = GND, Ta = 0°C to + 75°C (Notes 1, 2) 


Symbol | __Parameter__ | _ Temp | min | Typ | Max _| Units Conditions 
Output HIGH Voltage | Ta=0rc | -1000] — | —840 | mv | Vin = Vinten 
[ta= +250 | -s60 | | -e10 | mv | *¥Lmin 
|ta= +750 | -o00 | | -720 | mv | 
Output LOW Voltage | Ta=0°c | -1e70| | ~1665 |_mv_| Vin = Vin an 
[Ta= +260 | -150| | ~1650 | mv _| OF Vit win 
Output HIGH Voltage | Ta= orc | -1020| | | smv | Vin=Vinqminy | 502 to —2.0V 
|Ta= +260 | -980 | | | my | FM ven 
[Ta= +750 | 920 | || mv | 
Output LOW Voltage | Ta= orc | || ~ 1645 | mv_| Vin = Vin emi 
[Ta=+2ec] [| -1690 | mv _| ML an 
[tas t7ec| | | ~1605 | mv _ 
‘| Input HIGH Voltage | -1150| | —seo | mv | Guaranteed HIGH Signal for All Inputs 
| inputLowVoltage =ss(§§«S&SsS~sé<i Cts || - 1475 | mv | Guaranteed LOW Signal for All Inputs. . 
[input HiGH Curent ||| 200 || Vin = Vin te 
[input owGurent | aso | Vin = Vit vin 
[Vee Supply Curent | — 125 | —80 | Inputs Open 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 2: The specified limits shown in the DC Characteristics can be met only after thermal! equilibrium has been established. Thermal equilibrium is established by 


SZLOOL 





applying power for at least 2 minutes while maintaining transverse air flow of 2.5 meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in the DC Operating Conditions and defined in Figure 4. ee 
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DC Electrical Characteristics 
Vee = —5.72V, Voc = Voca = GND, Ta = 0°C to +75°C (Notes 1, 2) 


symbol | ___ Parameter | Temp | _Min_| Typ | Max | Units, Conditions 
Output HIGH Voltage /T~=orc | -1000| ‘| 840 | Vin = VIH (Max) 

|Ta= +250 | -s60 | | ~e10 | mv _| *¥i min 

[Ta=+75¢ | 200 | | -720 | mv 

Output LOW Voltage | Ta= orc | -1870| | — 1665 | mV_| Viv = Vinten 

[Ta= +25 | -1850| | ~1650|_my_| OF iL ein 

Output HIGH Voltage [ta=orc | -1020/ | | mv | Vin = Vix (Min) 502 to —2.0V 

|Ta= +250 | -o80 | | | my | OFM wen 

[ta=+7erc| -o20 | | | mv | 

OutputLow voltage | Ta= oro | |__| 1645 | mv_| Vin = Vir in 

|ta=+eec] [| -1620 | mv_| FM wan 

[tast7ec | || ~1605 | mv | 

| inputHiGH Voltage «| -1165] ~— | —880 | mv | Guaranteed HIGH Signal for All Inputs 

| | —4490 | mv | Guaranteed LOW Signal for All Inputs 

|| 200 || Vin = Vin tax 

Pt | Vin = Vivi 

5 | -e0| -s0 | mA _| inputs Open 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 2: The specified limits shown in the DC Characteristics can be met only after thermal equilibrium has been established. Thermal equilibrium is established by 
applying power for at least 2 minutes while maintaining transverse air flow of 2.5 meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in the DC Operating Conditions and defined in Figure 4. 





AC Electrical Characteristics 
Veg = —5.2V +10%, Voc = Voca = GND 


Parameter Tas 2256 Ha HEE uote Conditions 


Propagation Delay 
Data to Output 1.10 2.60 1.10 2.75 1.10 3.00 Figures 1&2 
Propagation Delay 
Enable to Output 1.200 3.75 Figures 1 & 3 


Propagation Delay 
Clear to Output Figures 1,3 & 4 
Setup Time Do~Dg | so | eco | 50 | os_ 


Hold Time Dp-D4 


Transition Time : 


Figures 1&5 
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PULSE 
GENERATOR 
PULSE 
GENERATOR 
Notes: 


Voc, Veca = +2V, Veg = —3.2V 

L1 and L2 = equal length 50N impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 pf from GND to Voc and Veg 
All unused outputs are loaded with 509 to GND 
C. = Fixture and stray capacitance < 3 pF 


TL/F/9870-4 


FIGURE 1. AC Test Circuit 


0.7 + O.1 ns 


trn—=| bo {THLE 


TL/F/9870-5 
FIGURE 2. Data Propagation Delay @ Ta = + 25°C 


3 = — = = 41,050 


50% 
20% 


=»| tttH | 


TL/F/9870-6 





FIGURE 3. Enable Propagation Delay @ Ta = +25°C 
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100175 


THe LL 


FIGURE 4. Clear Propagation Delay @ Ta = + 25°C 


FIGURE 5. Data Setup and Hold Time 
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TL/F/9870-7 


TL/F/9870-8 





National 
Semiconductor 


F100179 
Carry Lookahead Generator 


General Description 


The F100179 is a high-speed Carry Lookahead Generator 
intended for use with the F100180 6-bit fast Adder and the 
F100181 4-bit ALU. All inputs have 50 kf pulldown resis- 
tors. 


Ordering Code: see sections 
Logic Symbol 


Carry Input (Active LOW) 
Ch PE, Carry Propogate Inputs (Active LOW) 
Go-G7 Carry Generate Inputs (Active LOW) 
Ch + 2, Ch +4 
Ch +6, Ch +8 


Po Go Py Gy P2 Go P3 G3 Pa Ga Ps G5 Pg Gg P7 G7 


Cn+2 Cn+a Cn+6 Cn+8 


Carry Outputs 





TL/F/9871-3 


Connection Diagrams 


24-Pin DIP 24-Pin Quad Cerpak 
Py Gy Cy Veg Pe Se 


24 23 22 21 20 19 


7 8 9 10 11 12 


oon moOonek WD = 


Cue2 Voc Cnt 
Coes VYeca nea 


_ 
=- Oo 


TL/F/9871-2 


i) 


TL/F/9871-1 
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100179 


Logic Diagram 


Co «Py «=O Pgs Bg Pg gy 


pg 


Truth Tables 


Ch + 2 Output 


a 
-Sn_| Go Fo | SFr | Goes 


X X 
L X : 
X L Xx 
All other combinations 
Ch + 2 = Gye (Py + Go) © (Py + Po + Sy) | 
H = HIGH Voltage Level 


L = LOW Voltage Level 
X = Don't Care 





Po Gr Ge Gs Ga 


oan 


pa 


TL/F/9871~5 


L 
X 
X 
X 
X 


All other combinations | oH | 


Cn+4 = Gg e (Pg + Go) © (Pg + Po + Gy) © (Pg + Pe + Py + Go) 
eWaet Tack aso Ua) 
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Truth Tables (Continued) 


624-00} 


Cn+¢ Output 


Inputs Output 


al 
3 


Cn+6 


xT KLK KK XK 
-~ «KK LK KK XK 


x «KK LK KO XK 
x «KK LK K KO 


<x x x 


<x<rmx<x x 
ree xK «Kx 


~ KK [KKK OK 
x KX OL KKK XK 
Kx «KK LO KK XK 


ZDiJrerer|jroeere 


All other combinations 


Cn+6 = Gs ¢ (Ps + G4) ¢ (Ps + Py + Gg) @ (Ps + Py + Pg + Go) 
_ © (Ps + Py + Pg + Po + Gy) © (Ps + Py + Pg + Bo + Py + Go) 
© (Ps + Pg + Pg + Po + Py + Po + C,) 


Cn+g Output 
Output 


Ol 


Cots 


<x mK KK LK KK XK 
Buea eraes on <x KK XK 
<x Km KK LK KK XK 
- KKK LK KK XK 
<x «Kx xX OK IK KK Xx 
-omereK KY KKK XK 
<x «KKK TL KK OK XK 
-omoKlT KKK XK 
<xx«x << «KIO Kx XX 
reoeeol KKK xX 
<x KK KK LK OK XK 
CrCroeoeoloK Kx 
<x «KK KK LK KO XK 
reoeeel|oer KX 
<x «KKK KK KK 
mrroeeejreeoex 


X 
X 
X 
X 
X 
X 
X 
X 
L 


Tir rerereyr eee 


All other combinations 


Cn+e = G7 (Py + Ge) © (P7 + Peg + Gs) © (P7 + Pe + Ps + Ga) 
¢(P7 + Pg + Ps + Py + Gg) ¢ (P7 + Pg + Ps + Pg + Pg + Go) 
© (P7 + Pg + Ps + Pg + Pg + Po + Gj) 
e (P7 + Pg + Ps + Pg + Pg + Po + Py + Go) 
© (Pz + Pg + Ps + Pg + Pz + Po + Py + Po + C,) 
HIGH Voltage Level 


H= 
L = LOW Voltage Level 
X = Don't Care 
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Absolute Maximum Ratings 


Above which the useful life may be impaired. (Note 1) : 

if Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Vee to +0.5V 
Output Current (DC Output HIGH) —50 mA 
Operating Range (Note 2) —§.7V to —4.2V 


Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) +150°C 


DC Electrical Characteristics 

Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 

Symbol Parameter Conditions (Note 4) 

Vou Output HIGH Voltage Vin = VIH (Max) Loading with 
VoL Output LOW Voltage or VIL (Min) 502. to —2.0V 
VoHc Output HIGH Voltage Vv Vin = VIH (Min) Loading with 
VoLc Output LOW Voltage or ViL (Max) 502 to —2.0V 


Vin Input HIGH Voltage Guaranteed HIGH Signal 
for All Inputs 


VIL Input LOW Voltage = Guaranteed LOW Signal 
; for All Inputs 


lit Input LOW Current Vin = Vit (Min) 


DC Electrical Characteristics 

Vee = —4.2V, Voc = Voca = GND, To = O°C to + 85°C (Note 3) 

Symbol Parameter Conditions (Note 4) 

VoH Output HIGH Voltage Loading with 
VoL Output LOW Voltage | 500 to —2.0V 


VoHC Output HIGH Voltage — 1030 Vin = VIH (Min) Loading with 
VoLc Output LOW Voltage or VIL (Max) 502 to —2.0V 


VIH Input HIGH Voltage = Guaranteed HIGH Signal 
for All inputs 


Input LOW Voltage Guaranteed LOW Signal 
for All Inputs 


Input LOW Current | 050 | a a Vin = VIL (Min) 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | Min | | Units | Conditions (Note 4) 


Vou Output HIGH Voltage mV Vin = VIH (Max) Loading with 
VoL Output LOW Voltage or VIL (Min) SoD Oey 


VOHC Output HIGH Voltage ff Vv Vin = VIH (Min) Loading with 
VoLc Output LOW Voltage or Vit (Max) 5020 to —2.0V 


Vid Input HIGH Voltage Guaranteed HIGH Signal 
for All Inputs 


Vit Input LOW Voltage _ Guaranteed LOW Signal 
for All Inputs 


Ie Input LOW Current Vin = Vit (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Voc = Voca = GND, Tc = 0°C to +85°C 


6ZLOOL 


Conditions 
Input HIGH Current 
Cy, Go-G7 a 
Po=P> Vin = VIH (Max) 


Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Parameter Conditions 


Propagation Delay 

a ae BBs 10 2.90 : ; ; 
Ce GpaGy Peery to Gage 110 290 | 1.10 3,00 
Transition Time 

20% to 80%, 80% to20% | O45 1:80 | 045 1.80 | 045 1.80 


Figures 1 and 2 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


= io = J = + 2, 


= oc 
ee ae 110 270 | 140 270 | 1.10 280 
n GQ-47, Fo-F7 n+x Figures 1 and 2 
Transition Time 

SOR ibnee COR NSBUR. | OR. ATO eBid Anon) Ode: 4.70 
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PULSE 24 23 22 21 20 a. 


GENERATOR 
17 


16 


15 
16 


13 
7 8 9 10 11 12 


FIGURE 1. AC Test Circuit 


Notes: 

Voc: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 509 impedance lines 

Rr = 502 terminator interna! to scope 

Decoupling 0.1 F from GND to Voc and Vee 

All unused outputs are loaded with 509 to GND 

C_ = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


0.7 £0.1 ns 


OUTPUT 


Ae ae 


FIGURE 2. Propagation Delay and Transition Times 
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TL/F/9871-6 


TL/F/9871-6 





Applications 


Fast Adder and Carry Lookahead 


ue Pg G2 its 
F100179 Bly 
B, G4 Cn+4 P3 Gy Po G2 Cn+2 Py Gy Po os, 0 


F100179 


TL/F/9871-8 


24-Bit Adder Using One Carry Lookahead 


Cn+sa Pr G7 Pe Ge Gna Ps Gs Pa GaGnea Py G3 Po G2Cn42 Pi Gi ‘Po ci, 


F100179 


TL/F/9871-9 





3-193 


6ZEO0L 





100180 


National 
Semiconductor 


F100180 
High-Speed 6-Bit Adder 


General Description 


The F100180 is a high-speed 6-bit adder capable of per- 
forming a full 6-bit addition of two operands. Inputs for the 
adder are active-LOW Carry, Operand A, and Operand B; 
outputs are Function, active-LOW Carry Generate, and ac- 


Ordering Code: see Sections 


Logic Symbol 
Ao Bo A; By Az Bo A3 Bg Aa Bg As Bs 


Fo Fi Fo F3 Fa Fs 


tive-LOW Carry Propagate. When used with the F100179 
Full Carry Lookahead as a second order lookahead block, 
the F100180 provides high-speed addition of very long 
words. All inputs have 50 kN, pull-down resistors. 


Description 


Operand A Inputs 
Operand B Inputs 


Carry Input (Active LOW) 
Carry Generate Output (Active LOW) 
Carry Propagate Output (Active LOW) 





TL/F/9872-3 


Connection Diagrams 


24-Pin DIP 


oan nor wn —- 


_ 
nu = © 


TL/F/9872-1 


' Function Outputs 


24-Pin Quad Cerpak . 
Ap By Cy Vee Az Bs 


24 23 22 21 20 19 


7 8 9 10 11 12 


Fo Fs VecVocaFa Fs 
TL/F/9872~-2 
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Logic Diagram 


O8tOOL 


Cn i Ao By Ai B2 Ag 








(& 
CH 


TL/F/9872-5 


Logic Equations 

P; = Aj ® B; 

G; = A,B; 

i= 0,1, 2,3, 4,5 

Fo = Po ®C, 

Fy = Py ® (Go + Po Cp) 

Fo = Po ® (Gy + PyGo + PyPoCp) 


Fg = Pg @ (Go + PoGy + PoPyGo + PaPyPoC,) 

F4 = Pq ® (Gg + PgGo + PgPoG1 + P3P2P1Go + P3P2P1PoCp) 

Fs = Ps ® (G4 + PgGg + PgP3Go + P4P3P2Gy + P4P3P2P1Go + P4P3P2P1PoC,) 
P = PoPPSPGPAPs 

G = Gg + Psy + PGPGG F PSP GGGGS ¥ PEPAPGPSG: F PSPAPSPIPICG 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


lf Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) ° 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Ver to +0.5V 


Storage Temperature —65°G to + we Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc © = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Vin Input HIGH Voltage S a Guaranteed HIGH Signal 
VIL Input LOW Voltage 1810 1475 nay Guaranteed LOW Signal 
for All inputs 


Mie InputLowCurent | 050 | | A | Vin = Vinny 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol | Parameter | _Min__| Typ | Max Conditions (Note 4) 
VoH Output HIGH Voltage | —1020 effin | Vin = Vin(Max | Loading with 
VoL Output LOW Voltage —1810 | | = 1605 | or Vit (Min) . 502 to —2.0V 


VoHc Output HIGH Voltage -1o30 | | | a Vin = VIM (Min) Loading with 
Voic OutputLow voltage | | | —1595 OF Vit. (Max) eee oy 


Vin Input HIGH ee = = Guaranteed HIGH Signal 
ViL Input LOW Voltage 1810 1475 -. Guaranteed LOW Signal 
for All Inputs 


he Input LOW Current | oso | =f Vin = VIL (Min) 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol_| Parameter | Min | Typ | Max | Units _ Conditions (Note 4) 
Vou | OutputHiGH Voltage | -1035 | || -880 | Vin = VIH (Max) | Loading with 
Vou output HIGH Votage | 1008 | | Vin = VIH (Min) Loading with 


ViK Input HIGH Voltage 1165 a Se sy tee aaa Signal 
Vit Input LOW Voltage ~1830 bevelled ae LOW Signal 
or All Inputs 


Nie Input LOW Current Ee See Vin = Vit (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or Ee its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Veg = —4.2V to —4.8V unless otherwise specified, Voc = Voca = GND, Tc = 0°C to + 85°C 


Conditions 


081001 


Input HIGH Current 


All Inputs 


Power Supply Current 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 
An, Bn to Fr 


Propagation Delay 
An; Bn to P 
Propagation Delay 
An: Bn toG 
Propagation Delay 
Cr to Fr 


Transition Time 
20% to 80%, 80% to 20% 





Figures 1 and 2 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


again 
Poa a 

caer jo aso | ro ao | 140 480 | 

epee | 00200 need ates 

TansdonTime ig | 04s 200 fa aie ae 
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24 23 22 21 20 19 
18 


17 


PULSE 16 
GENERATOR 
| 15 


14 


13 
7 8 9 10 11 12 


FIGURE 1. AC Test Circuit 


0.7+0.1 ns j~¢—~ 0.7+0.1 ns 


tPHL 
NON-INVERTING 


OUTPUT 


INVERTING 


we Lem 


FIGURE 2. Propagation Delay and Transition Times 


Notes: 

Voc: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 502 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 uF from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

CL = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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TL/F/9872-7 


TL/F/9872-6 





National 
Semiconductor 


F100181_ 


4-Bit Binary/BCD Arithmetic Logic Unit 


General Description 


The F100181 performs eight logic operations and eight 
arithmetic operations on a pair of 4-bit words. The operating 
mode is determined by signals applied to the Select (S,) 
inputs, as shown in the Function Select table. In addition to 
performing binary arithmetic, the circuit contains the neces- 
sary correction logic to perform BCD addition and subtrac- 
tion. Output latches are provided to reduce overall package 
count and increase system operating speed. When the 
latches are not required, leaving the Enable (E) input LOW 
makes the latches transparent. 


Ordering Code: see Sections 


Logic Symbol 


TL/F/9873-4 





Connection Diagrams 


24-Pin DIP 


oan nok wan — 


_~ 
nv =—- Oo 


TL/F/9873~-1 


The circuit uses internal lookahead carry to minimize delay 
to the F, outputs and to the ripple Carry output, C,,+ 4. 
Group Carry Lookahead Propagate (P) and Generate (G) 
outputs are also provided, which are independent of the 
Carry input C,. The P output goes LOW when a plus opera- 
tion produces fifteen (nine for BCD) or when a minus opera- 
tion produces zero. Similarly, G goes LOW when the sum of 
A and B is greater than fifteen (nine for BCD) in a plus 
mode, or when their difference is greater than zero in a 
minus mode. All inputs have 50 kO, pull-down resistors. 


| PinNames | Description 


Word A Operand Inputs 

Word B Operand Inputs 

Carry Input (Active LOW) 
Function Select Inputs 

Latch Enable Input (Active LOW) 


Carry Lookahead Propagate Output 
(Active LOW) 

Carry Lookahead Generate Output 
(Active LOW) 

Carry Output 

Function Outputs 


24-Pin Quad Cerpak 
Sz Sq E Veg Sy So 


24 23 22 21 20 19 


7 8 9 10 141 12 


Fo Fs VocVccaCns4P 
TL/F/9873-2 
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Logic Diagram 


100181 


ct, So S; S2  S3 


E 
YU WOUE 


PB Cn+4 
TL/F/9873-5 


Block Diagram 


a1 we @ 
3 


FUNCTION 
DECODE 


TL/F/9873-6 
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Functional Description 


There are two modes of operation: Arithmetic and Logic. 
The S3 input controls these two modes: 

S3 = LOW for Arithmetic mode 

S3 = HIGH for Logic mode 

The arithmetic mode includes decimal and binary arithmetic 
operations. So is the control input: with Ss = LOW, 

So = LOW for Decimal Arithmetic (BCD) 

So = HIGH for Binary Arithmetic 


DECIMAL ARITHMETIC OPERATION 
Adaition 


F = Aplus B plus Cp. Arguments A and B are directly ap- 
plied to the inputs. The circuit automatically performs the 
“+6” and “—6” logic correction internally. 


Subtraction 


F = A minus B plus C,. Arguments A and B are directly 
applied to the inputs. The circuit automatically takes the 
nines complement of B and adds “+6”. A ‘‘—6" adjust- 
ment is made if the subtraction algorithm calls for it. If there 
is a carry out, the result is a positive number. With no carry 
out, the result is a negative number expressed in its nines 
complement form. Therefore, to perform a subtraction with 


Function Table 


DaorMTJrrrryLTLTITirrce 
Derr yLrrrl|jLIrrjzorere 
Dreetrjylrirjz~riricz~rerwtre 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


H = HIGH Voltage Level 
L = LOW Voltage Level 


Cn+4 = Ge(P + C,) 


Arithmetic Operations 


Logic Operations 
Fr bag Go + P, 


Fr, = Aplus B plus C, (BCD) 

F, = Aminus B plus C, (BCD) 
F, = Bminus A plus Cp, (BCD) 
F, = O minus B plus C, (BCD) 


Fr = Aplus B plus C, (Binary) 

F, = Aminus B plus Cy (Binary) 
F, = B minus A plus Cy (Binary) 
F, = 0 minus B plus Cy, (Binary) 
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results in the tens complement form, an initial carry should 
be forced into the lowest order bit, ie., set C, = LOW. 
(tens complement of B) = (nines complement of B) + 1 


F = B minus A plus C,,. Operation is similar to and results 
are the same as F = A minus B plus C,. 


BINARY ARITHMETIC OPERATION 
Addition 


F = A minus B plus C,. Arguments A and B are directly 
applied to the inputs. 


Subtraction 


F = A minus B plus C,. Arguments A and B are directly 
applied to the inputs. The circuit automatically takes the 
ones complement of B (by inverting B internally). If there is a 
carry out the result is a positive number. With no carry out, 
the result is a negative number expressed in its ones com- 
plement form. Therefore, to perform a subtraction with re- 
sults in the twos complement form, an initial carry should 
forced into the lowest order bit, i.e., set C, = LOW. 


(twos complement of B) = (ones complement of B) + 1 


F = B minus A plus Cp. Operation is similar and results are 
the same as F = A minus B plus C,. 


Outputs 


Alora bolo rol rs cia a 


rm UO Olfr ol Ol Ol} Ol Ul Ol Ol} Ul Ul i Ol 


rIrIITTioa 





Internal Equations for Carry Lookahead 

(i = 0, 1, 2, 3) 

Co = Cy + Sg 

Cy = Go + PoC, + Sg 

Co = Gy + PyGq + PyPoCp + So 

C3 = Go + PoGy + PoP1Go + PePyPoC, + Sg 


Internal Equations for +6 Logic 
Do = Bo 

D,; = B 

Do = ByBo + ByBo 

D3 = By + Bo + Bg 


Gy = G3P3 + P3Go + PgP2G1 + P3P2P1Go 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


lf Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) “0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) ; Veg to +0.5V 


storage: emPperaiute 65°C to + 150°C Output Current (DC Output HIGH) = 50mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —~5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Vin Input HIGH Voltage —~ 1165 Pe —880 


Vit Input LOW Voltage ~ 41810 ~1475 


Input LOW Current | 0.50 | 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol | Parameter =| Min | Typ | Max | Units | Conditions (Note 4) 
VoH —870 in Vin = VIH (Max) Loading with 
Vou = 1605 aE) aba 


VI Input HIGH Voltage ~44150 
Input LOW Voltage 1810 


Input LOW Current | 0.50 | 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol_| Parameter | Min | Typ | Max _| 

VoH OutputHIGH Voltage | -1o35 | | -seo | | 
VoL Output LOW Voltage | -1830 | | —1620 

VoHc OutputHIGH Voltage | -10 | [| Vin = Vin (Min) | Loading with 
Voie OutputLowVoltage | = | | —1610 oF ViL (Max) noe eey 


VIH Input HIGH Voltage 414165 _880 mV Guaranteed HIGH Signal 
for All Inputs 
VIL Input LOW Voltage Guaranteed LOW Signal 
— 1830 
for All Inputs 


he inputLow Current | 050 | | | A Vin= Vieni 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or VIL (Min) 502 to —2.0V 


mV 
Vv Vin = VIH (Min) Loading with 


m or VIL (Max) . 50 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vit (Min) 


Vin = ViH (Min) Loading with 
or Vit (Max) 509 to —2.0V 


V 
mV 


—1595 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


~870 


V 


—1475 


Vin = VIL (Min) 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or VIL (Min) 500 to —2.0V 


V 
V 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Voc = Voca = GND, Tc = 0°C to +85°C 


| Parameter | min, | typ | Max | units, | Conditions 


Input HIGH Current 
Sp, E 350 _ 
All Others 250 pA Vin = VIH (Max) 


PowerSupply Current | —300 | 210 | -130 | ma | _ inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Veca = GND 


'PLH Propagation Delay 200 690 | 210 680 | 230 7.40 
tPHL An, BatoFn 


tPLH Propagation Delay 
tpHL An, Bn to P, G 1.40 4.70 1.40 4.40 1.40 4.70 Figures 1 and 2 


'PLH Propagation Delay 200 650 | 200 650 | 210 680 
tPHL An, Bn to Cn+4 

'PLH Propagation Delay 160 5.10 | 160 520 | 160 5.50 
hast eur 
'PLH Propagation Delay 130 300 | 1.40 300 | 1.40 3.10 
tPHL Cy to Cn+4 


tPLH propagation Delay 1.40 880 | 1.50 860 | 1.50 9.00 
tPHL Sp to Fn 


teLH Rropagetion Delay 1.70 740 | 200 590 | 200 6.50 Figures 1 and 2 
tPHL Sp to P,G 


'PLH Propagation Delay 2.70 280 650 | 290 870 
tPHL Sp toCn+4 


'PLH Fropagalon Delay 100 340 | 090 360 | 110 3.80 ns | Figures 1 and 2 





Figures 1 and 2 


tPHL E to F, 


tTLH Transition Time ; 
fae 20% to 80%, 80% to 20% 0.45 2.70 0.45 2.60 0.45 2.70 Figures 1 and 2 


ts Setup Time 
7.60 7.60 8.10 
8.70 8.50 9.60 


4.80 5.00 5.30 Figure 3 


Hold Time 
An: Bn 0.10 0.10 0.10 


S 0.60 0.60 0.60 


0.60 0.60 0.60 


S. 
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Cerpak AC Electrical Characteristics ve; = —4.2v to —4.8v, Voc = Voca = GND 


Symbol 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tTLH 
tTHL 


Parameter 


Propagation Delay 
An; Bn to Fr 


Propagation Delay 
An; Bn to P, G 


Propagation Delay 
An, By to Cn +4 


Propagation Delay 
Ch to Fy 


Propagation Delay 
Cyto Ch+4 


Propagation Delay 
Sp to Fp 
Propagation Delay 
S, to P,G 
Propagation Delay 
SptoCn+4 


Propagation Delay 
EtoF, 


Transition Time 
20% to 80%, 


Setup Time 


80% to 20% 


Te = 0°C 


tow(L) oes Width LOW 2.00 


Tce= 
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+ 25°C 


To = +85°C 





Conditions 


Figures 1 and 2 


Figures 1 and 2 


Figures 1 and 2 


Figures 1 and 2 


Figures 1 and 2 


Figure 3 


Figure 2 





PULSE 
GENERATOR 


24 23 22 21 20 19 
18 


17 
16 
15 
14 


TL/F/9873-7 


LSLOOL 


Notes: 

Veo. Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 500 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 «F from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

C. = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


FIGURE 1. AC Test Circuit 


\ cieateeietentenienten tote entonte ¥ 


DATA, SELECT 
‘ 


we mew em ew ew eee 


ENABLE TRANSPARENT LATCHED 


tPHL 
tery 


oo oe 


OUTPUT 


Ne are ce om on ae om om oe om om oe + (),31 V 


tow oat 


TRANSPARENT 


tPHL | 
teLH 
pease 
| F 80% 
50% 


20% 


Nee cree ec ee oe ee ee es os ee Ne ce ee oe oe 


ttHL: trtH <|¢— 


TL/F/9873-8 


FIGURE 2. Enable Timing 


DATA, SELECT 


ENABLE 


TL/F/9873-9 


FIGURE 3. Setup and Hold Times 


Notes: 


ts is the minimum time before the transition of the enable that information must be present at the data input. 
th is the minimum time after the transition of the enable that information must remain unchanged at the data input. 





3-205 





100182 


VarA| National 
4 Semiconductor 


F100182 
9-Bit Wallace Tree Adder 


General Description 


The F100182 is a 9-bit Wallace tree adder. It is designed to 
assist in performing high-speed hardware multiplication. The 
device is designed to add 9 bits of data 1-bit-slice wide and 
handle the carry-ins from the previous slices. The F100182 
is easily expanded and still maintains four levels of delay 
regardless of input string length. In conjunction with the 





Ordering Code: see Sections 
Logic Symbol 


pve D; D2 D3 D4 Ds Dg D7 Dg 
n-2 


Ch 
Cle 


cl 
3 Con42 CO1CO2C03PS PC 


TL/F/9874-3 


Connection Diagrams 


24-Pin DIP 


on Mm oO FF WwW DY 


TL/F/9874-1 


F100183 Recode Multiplier, the F100179 Carry Lookahead, 
and the F100180 High-speed Adder, the F100182 assists in 
performing parallel multiplication of two signed numbers to 
produce a signed twos complement product. See F100183 
data sheet for additional information. All inputs have 50 kQ 
pull-down resistors. 


| PinNames | ___—Description 


Do-Dg Data Inputs 
Cly-Cl3, Clh—2 Carry Inputs 
CO;-CO3, COn+2 _ Carry Outputs 

PS Partial Sum Output 
PC Partial Carry Output 


24-Pin Quad Cerpak 
NC NC Ds Ver Dg 07 


24 23 22 21 20 19 


7 8 9 10 11 12 


C03 C04 VocVocyC0, PC 
TL/F/9874-2 
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Logic Diagram 


DATA INPUTS 
a 
Do D4 Dg D; Dz D3 Ds Dy Dg 


CARRY 
OUTPUTS INPUTS 


Cc PS 
PARTIAL PARTIAL 
CARRY SUM 


TL/F/9874-5 
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Adder Logic Diagram 


L 
L 
L 
L 
H 
H 
H 
H 


eat ff . a et 


Adder Truth Table 


LP 2 ar ce 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
—65°C to + 150°C 
+ 150°C 


Storage Temperature 
Maximum Junction Temperature (T) 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


| Min | tye | 
| =955_ 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
Output HIGH Voltage 
Output LOW Voltage 
Input HIGH Voltage 


Symbol 
VOH 
VoL 
VoHc 


VoLc 
Vin 
VIL Input LOW Voltage 


tie Input LOW Current 


Input Voltage (DC) 


rd 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
Output HIGH Voltage 
Output LOW Voltage 
Input HIGH Voltage 


Symbol 
VOH 
VoL 
VOHC 


VoLc 
VIH 


Input LOW Voltage 


Input LOW Current 


| Min | 
eae 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
Output HIGH Voltage 
Output LOW Voltage 
Input HIGH Voltage 


Symbol 
VoH 
VoL 
VOHG 


Voc 
VIH 
VIL Input LOW Voltage 


lit Input LOW Current 


es 
oe 
a 
ae 
at 


Case Temperature under Bias (Tc) 
Veg Pin Potential to Ground Pin 


Output Current (DC Output HIGH) 
Operating Range (Note 2) 


| Min | typ | Max _| 
| -1095 | | 880 _| 
| -1e30 | | -1620_| 
ies i ae ee 
| | = t610_| 


—1165 —880 


j= || -ve | 
a [J 


[Units 


ae 


0°C to + 85°C 
—7.0V to +0.5V 
Veg to +0.5V 
—50 mA 

—§.7V to —4.2V 


Loading with 
500 to —2.0V 


Loading with 
502. to —2.0V 


Vin = VIH(Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vit (Min) 


Conditions (Note 4) 
Vin = VIH (Max) Loading with 
or VIL (Min) 502 to —2.0V 


Loading with 
500 to —2.0V 


Vin = VIH (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vit (Min) 


Conditions (Note 4) 
Vin = VIH (Max) Loading with 
or VIL (Min) 509 to —2.0V 


Loading with 
50 to —2.0V 


Vin = VIH (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = VIL (Min 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 


Note 2: Parametric values specified at -4.2V to —4.8V. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to +85°C 


Z8LO0L 


Conditions 


Input HIGH Current 
Cly-Clg, Cly»—2 
D1, D3, D4, Ds, De, Dg Vin = Vik (Max) 


Do, Do, D7 


Power Supply Current | 260 | Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


aia aman Sai a ce a 
Propagation Delay 
Dp to COn+2 4 4.50 1.40 4,50 1.50 4.7 
Propagation Delay 
Dn to CO} 1.30 4.80 1.30 4.70 1.50 5.00 
Propagation Delay . 

‘ ; : 40 Fi 2 

Dp to CO> 2.20 6.20 2.30 6.4 igures 7 and 
Propagation Delay 
D, to CO; 1.30 4.70 1.40 4.70 1.50 5.00 Fs | 


Propagation Delay 
D, to PS, PC 2.50 7.20 2.50 7.20 2.70 7.40 


Propagation Delay 
Cla—2, Cl to COz 1.00 350 } 1.00 340 | 110 3.70 


Cly—2, Cly to PS, PC 


Propagation Delay 
Clg, Cle to PS, PC 0.80 3.30 0.80 3.20 0.90 3.60 


Transition Time : 
20% to 80%, 80% to 20% 0.45 1.60 0.45 1.60 0.45 1.60 js | Figures 1 and 2 


Propagation Delay 1.50 4,50 1.50 4.45 1.60 4.60 | os | Figures 1 and 2 
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Parameter 


Propagation Delay 
Dp to COn +2 


Propagation Delay 


Propagation Delay 
Dp, to COs 


Propagation Delay 


Propagation Delay 
D, to PS, PC 


Propagation Delay 
Cla—2, Cly to COs 


Propagation Delay 


Cln—2, Cly to PS, PC 


Propagation Delay 
Clg, Cle to PS, PC 


Transition Time 


20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


| Min Max | Min Max | Min Max_| 
[i= eo [tm om [aw ew 
[ef ew [wow | = 
[ie to [aw mm [aw om fw 
Cie owe [ow ae fw 
Pe [ow om [ow ew | | min 


0.80 3.10 0.80 3.00 0.90 3.40 jne_| 
0.45 1.50 0.45 1.50 0.45 1.50 js | Figures 1 and 2 


Conditions 


Figures 1 and 2 
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PULSE 
GENERATOR 


Notes: 


Z8LOOL 


Voc. Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 502 impedance lines 
Ry = 502 terminator internat to scope 


Decoupling 0.1 pF from GND to Vcc and Vee 
All unused outputs are loaded with 509 to GND 
C, = Fixture and stray capacitance < 3 pF 

24 23 22 21 20 19 Pin numbers shown are for flatpak; for DIP see logic 


18 
17 
16 
15 
4 
13 


symbol 


Vec 


FIGURE 1. AC Test Circuit 
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INPUT 


tpH_——> <—— —> a— tery 
NON-INVERTING 


50 % 


OUTPUT —>| <— tent 


80% 
50% 
INVERTING f 20% 


{Tin ae {THLE 


FIGURE 2. Propagation Delay and Transition Times 
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Application 
Typical Horizontal Interconnection of 9-Bit Wallace Tree Adders F100182 


Dn-10 Dn-20 

Dn-11 ——Dn-23 

Dn - 12 - Dn-22 

Dn-13 Dn-29 

Dn-14 Dn-24 

Dn-15 Dn-25 
DOn-16 Dn-26 - 

Dn-17 Dn-27 

Dn -28 
Vo Dy D2 D3 D4 05 Dg D7 Dg Do D1 D2 D3D4Ds De D7 Dg DoD; D2D3 Dg Ds Dg D7 Dg 
to) fe) cl CO, Ch; 


F100182 


Do D1 D2D3D4Ds5 De D7 Dg Do01D2D3D4Ds De D7 bs, oS D;D2 D3 D4 Ds Dg D7 Dg 
1 Cc 


CO; cl CO; 
F100182 


I 


TL/F/9874-9 
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Application (continued) 


78001 


16-Bit Vertical Expansion of Wallace Tree Adders 


Do 01 D2 Dz 04 O05 Dg 07 Dg Og Dy Dz D3 Dg Dg De Dy Dg Dp Dy Dz Dg Dg Dg Dg 07 Og 
CO, Ch 


C02 
C03 


F100182 F100182 F100182 


Do Dy Dz D3 Dg Ds Dg Dy Da Do 0 Dz D3 Da Ds De D7 Dg Dp Dy D2 D3 D4 Dg Dg Dy Dg 
co; Ch, CO; Ch CO; Ch 
cl cl. Cl2 
= F100182 5 F100182 3 F100182 
C03 Clg Cl 
COn+2 Cla-2 
PC 





TL/F/9874-10 
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100183 


National 
Semiconductor 


F100183 
2 x 8-Bit Recode Multiplier 


General Description 


The F100183 is a 2 x 8-bit recode multiplier designed to 
perform high-speed hardware multiplication. In conjunction 
with the F100182 Wallace Tree Adder, the F100179 Carry 
Lookahead, and the F100180 High-speed Adder, the 





Ordering Code: see Section 8 
Logic Symbol | 


Bg B7 Be Bs Ba Bg Bz By Bo 
A2 


Ai 


Ao 
Fa F7 Fe Fs Fa F3 Fo Fi Fo 
O) 


TL/F/9875-3 


Connection Diagrams 


24-Pin DIP 


oon Doan wn —- 


rare 
no —- oO 


TL/F/9875-1 


F100183 performs parallel multiplication of two signed num- 
bers in twos complement form to produce a signed twos 
complement product. All inputs have 50 kQ pull-down resis- 
tors. 


| PinNames | Description | 


Multiplier (Recode) Inputs 


Multiplicand Inputs 
Partial Product Outputs 
Sign Extension Output 





24-Pin Quad Cerpak 
Ay Ay Az Veg Bg Bs 


24 23 22 21 20 19 


7 8 9 10 11 12 


Fo Fs VecVecaFa Fs 


TL/F/9875-2 
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Logic Diagram 


TL/F/9875-5 


Truth Table 


Inputs Outputs 


> 
x) 


2 Ee ee 
Ir-itireiritire 


H = HIGH Voltage Level 
L = LOW Voltage Level 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Milltary/Aerospace specified devices are required, Case Temperature under Bias (Tc) o°Cc to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


siorage Tempetatire BSC to + ace Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = O°C to +85°C (Note 3) 


Symbol_| Parameter | Min | Typ | Max | Units _ Conditions (Note 4) 

Von ___|_OutputHIGH Voltage | -1025 | -955 | 880 | (1, Vin =VIH (Max) |} Loading with 
Vou See) ae. 
Vouc Vin = Vin (Min) | Loading with 
Vorc or ViL (Max) 500 to —2.0V 
ViH Guaranteed HIGH Signal 


for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


ure SA fin = Vivi 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Symbol_| Parameter | Min | Typ | Max | Units _ Conditions (Note 4) 

Vou eee | Vin = Vin (Max) | Loading with 
Vo.___| Outputtowvottage | -1810 | | —1605_| i fee 
Voc | OutputHiGHVvoltage | -10390 | | | Vin = ViH (Min) Loading with 
Vorc__| OutputLowvottage | | |= 1595 SEO) epee 


Vin Input HIGH Voltage 4150 ~870 mV Guaranteed HIGH Signal 
for All Inputs 

VIL Input LOW Voltage — 1810 4475 av Guaranteed LOW Signal 
for All Inputs 


ML | InputLowCurent | 060 | | | A | Vin = Vit win 


DC Electrical Characteristics 
Vee = —4.8V, Vcc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol | Parameter | _—omin__| typ | Max | Units _| Conditions (Note 4) 

VoH | OutputHIGH Voltage | -1035 | | -880 | Ly Vin = Vin (Max) | Loading with 
Vor | Output Low Voltage | -tes0 | | —1620_| een a 
Vouc ose i ete fice Vin = Vin (win | Loading with 
Voro | OutputLowvoltage | | | 1610 ioe ae sae 


Vi Input HIGH Voltage —~880 mV Guaranteed HIGH Signal 
for All Inputs 
Vit Input LOW Voltage — 1830 ~1490 mn Guaranteed LOW Signal 
for All Inputs 
ees eee eo 


I Input LOW Current | 0.50 | Vin = Vit (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


V 
Vv 


Vit 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these ‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, Tc = 0°C to +85°C 


€8b00l 


Conditions 


Input HIGH Current 
Bo-Bg 

Ao 

Ay VIN = VIH (Max) 


Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 
Ag-Aga to Fo-F7 


Propagation Delay 
Ao-Az to Fg 
Propagation Delay 
Bo-Bg to Fo-F7 
Propagation Delay 
Bg to Fg 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1 and 2 


Figures 1 and 2 


0.45 2.50 0.45 2.40 0.45 ’ Figures 1 and 2 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Parameter ea eee Toe 608 i Conditions 


Propagation Delay 
Ao-Ag2 to Fo-F7 


Figures 1 and 2 
Propagation Delay 
Ao-Aoe to Fg 


Propagation Delay 
Bo-Bg to Fo-F7 
Propagation Delay 
Bg to Fg 


Transition Time 
20% to 80%, 80% to 20% 


Figures 7 and 2 


Figures 1 and 2 
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100183 


PULSE 
GENERATOR 


Rr 


Notes: 

Voo. Veca = +2V, Veg = —2.5V 

L1 and L2 = equal length 500 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 yF from GND to Voc and Veg 

All unused outputs are loaded with 502 to GND 

C, = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


24 23 22 21 20 19 
18 


17 
16 


0.1 uF 


Veo = 


FIGURE 1. AC Test Circuit 
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TL/F/9875-6 





OUTPUT 


INVERTING - 


{TLH zal 


0.7+0.1 ns 


a 


TL/F/9875-7 


FIGURE 2. Propagation Delay and Transition Times 


Application 

F100183 is a 2 x 8-bit recode multiplier that performs paral- 
lel multiplication using twos complement arithmetic. In multi- 
plying, the multiplier is partitioned into recode groups, then 
each recode group operates on the multiplicand to provide 
a partial product at the same time. The F100183, 2 x 8-bit 
recode multiplier provides partial products in 3.6 ns. 

The F100182, 9-Bit Wallace Tree Adder combines the par- 
tial products to obtain the partial sum and partial carries in 
an additional 10.7 ns. Then the Carry Lookahead generator 
and 6-bit adder combine the results of a 16 x 16-bit multiply 


for a total of 24.3 ns. The propagation delays and package 
count for implementing various size multipliers are listed in 
Tables | and Il. 


Multiplication of twos complement binary numbers is ac- 
complished by first obtaining all the partial products. Then 
the weighted partial products are added together to yield 
the final result. In the Wallace Tree method of multiplication 
the sign bit is treated the same as the rest of the bits to 
obtain a signed result. 


TABLE !. Propagation Delay Summation* 


Wallace 
Tree Adder 
100182 


Recode 
Multiplier 
100183 


“Worst case, Flatpak 


High-speed 
Adder 
100180 
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Carry 
Lookahead 
100179 


Total (Max) 
Delay 
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Application (continueg) 
TABLE II. Package Count 


100102 
400117 100183 100182 100180 100179 Total 


16x 16 6 16 32 6 - 62 
18x18 7 27 38 6 = 70 
24x 24 9 : 36 60 8 = 115 


32 x 32 11 64 96 11 = 186 
36 x 36 13 80 116 12 = 225 
64 x 64 24 256 328 22 = 634 


For a quick review of the twos complement number format TABLE Ili. Twos Complement Format 

see Table Ill. Note that subtraction is accomplished by add- 

ing the negative number. An example of changing from a Magnitude Decimal 

positive number to a negative number is shown. 22 21 20 Number 
1011 negative number-5 


Oo 


0100 bits inverted 
+0001 add one 
0101 Results 5 


0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


ooododooqoeete ase OO O0O0o0o-A —_ — — 
oom 3002400240 0422 
o=-o]+ 020202402020 
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Multiplication Algorithm 


In the multiplication algorithm used, the multiplier (Y,... Yo) carry are combined together using Carry Lookahead gener- 
is partitioned into recode groups and each recode group ators and 6-bit adders. An example of using recode multipli- 
operates on the multiplicand (Xj ... Xo) as in Figure 4. The cation is shown in Figure 3: multiplier (11749) 01110101 
F100183, 2 x 8-bit recode multiplier partitions the multiplier times multiplicand (10549) 01101001. The first recode group 
(Xp, ... Xq) into groups of eight and the multiplicand (Yn... 010 requires adding the multiplicand; the second recode 
Yo) into groups of two. Each recode group is two bits wide group 010 also requires adding the multiplicand; the third 
but requires three bits to determine the partial products. Ta- group 110 requires subtracting the multiplicand (the same 
ble IV lists the significance of the various recode groups. as inverting each digit and adding 1); the fourth group 011 
The partial product is +0, +multiplicand, or + two times the requires adding twice the multiplicand. Combining the re- 
multiplicand. A forced zero is required to establish the least sults of four groups, 1228549, we have the correct answer. 
significant bit of the first recode group. By connecting re- 

code multipliers in parallel the partial products are available Forced Zero 

at the same time. The weighted partial products (Ap ... Ao, 01101001 = 

Bn... Bo)... are added together using F100182, 9-bit Wal- 01110101 = 


lace Tree Adders. The results of the partial sum and partial = 


TABLE IV. Recode Product —__ +2 +1 


0000000001101001 (+1) 

Recode Group Recode 00000001 101001 (+1) 
Partlal Product 111110010111 (-1) 

Yi¢2 oY Yi-4 Value 0011010010 (+2) 


Add zero 0010111111111101 = 12285 
Add multiplicand TL/F/9875-8 
Add multiplicand FIGURE 3. Recode Multiplication Example 
Add twice the 

multiplicand 

Subtract twice the 

multiplicand 

Subtract the 

multiplicand 

Subtract the 

multiplicand 

Subtract zero 


Sign Bit Magnitude Bits Forced 
Zero 


Multiplicand —______» X15 X14 X13 X12 X11 X10X9 Xs X7 Xe Xs Xa X3 X2 X1 Xo 
Multiplier ——-——> Yis Yia 13 Yi2¥11 YoYo Ya Y7 Yo Ys Ya Y3 Y2 Y¥1 Yo g 


Recode Groups —————> 


First Product Only —-———-» _ 1 
1 JAieA1s Ara At3 A12A11 Ain Ag Asp A7 Ag As Aa AZ Ad At Aa| 
Ko 
Hardware-wired Logic Ones ——— 1 [B16B15B14B813B12B11B10B9 Bs B7 Bs Bs Ba B3 B2 Bi _Bol 
Ko 
Partial Products 1 [CieC18C14C13C12C11 C109 Ca C7 Ce C5 C4 C3 Co Cr Col 


4 K4 
1 1D16015014D13D12D11D19D9 Dg D7 De Ds D4 D3 D2 Di Do| 


Ke 
1 [Ete Eis G14 E13 Er2E11 E10E9 Es E7 Es Es Es E3 Eo £1 Eo] 
Kg <t—— Rounding Bits 
1 [Fig Fis Fig F13 Fi2 F11 FioFg Fa F7 Fe Fs Fa Fa Fo Fi Fo From External Gates 
K10 


1 [G16G1sG14G13G12G11G10Go Gs G7 Ge Gs Ga G3 G2 Gi Goj 
K12 


1 [Ate His HisHigHi2H11HioHs He H7 He Hs Hs H3 H2 1 Ho] 
K14 
PS31 PS30 PS29 PS28 PSa PS3 PS2 PS1 PSo 
PC30 PC29 PC 28 PC27 PC3 PC2 PC1 PCo 


S31 S30 S29 See $3 Sz Si So 
Final Product 
Sign Bit 
TL/F/9875-9 
FIGURE 4. 16 x 16 Multiply 
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Hardware Implementation 


For the hardware implementation of the F100183 recode 
multiplier the sign bit is connected to the Bg input, and B7 
through Bo are the magnitude bits. Two extend the word 
length greater than eight bits, the Bo and Bg inputs of adja- 
cent devices are connected together (see Figure 7). The 
device outputs Fo through F7 are used as the partial prod- 
ucts; these correspond to Ag through Az, or Ag through Aj4s5, 
or Bo through B7, etc. To reduce the hardware, the Fg bit 
(Aig in Figure 7) is used as the sign bit of the partial prod- 
uct. The sign bits are extended by using hardware wired 
logic “1s”. The ones are located in front of each partial 
product with an extra “1” at the sign bit of the first partial 
product as in Figure 4. The logic ‘‘ts” are wired as inputs 
into the Wallace Tree Adders as shown in Figure 6. If the 
recode group requires the multiplicand to be added, then 
the F100183 outputs the correct partial products to be add- 
ed. But when the recode group requires that the multipli- 
cand be subtracted, then the F100183 outputs the ones 
complement. External gates are required to generate a “1” 
to be added to the ones complement to complete the twos 
complement for the partial product (Figure. 7). These exter- 
nal gates generate the rounding bits, Ko ... Kn, which are 
input to the Wallace Tree Adder. Figures 4, 6 and 7 show 
the location. An example of multiplication which has the 
rounding bits and the hardware wired logic “1s” is shown in 
Figure 5. 


The weighted partial products are added together using 
F100182, 9-bit Wallace Tree Adders as shown in Figure 6. 
The output is a partial sum and partial carry which can be 
reduced to the final product using Carry Lookahead and 6- 
bit adders. See Figure 8. 
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Forced Zero 
01101001 y = 105 
011101019, = 


——— 
_—— ae 


-1 41 
+2 +1 


1 
1101101001] 
0 


4f101101001) 
Hardware- 0 


wired 
Logic 
ones 


—> 11010010110) 
1 «<——- Rounding Bits 


external gates 
11711010010) one 


0 
0010111111111101 = 12285 
TL/F/9875-10 
FIGURE 5. Example of Multiplication 


Using Rounding Bits 





Hardware Implementation (Continued) 


Do Dy 02 Dy Da Ds Dg Dy Dg 
Ch, 


F100182 Cha 


1 By5 Cy3 Dyy Eg F7 Gs Hy 


Do D102 D3 D4 Ds Dg D7 Dg 
co, 


F100162 


Do D; Bz 03 D4 Ds Dg 07 Og 


F100182 


Do Dy Dz D3 Dy Ds Dg 07 Dg Do Dy D2 D3 Dy Ds Dg D7 Og 


co, 
F100182 F100182 
cl 0: 


Intermediate Stages 
1Ayg Big Cy2Di9 Eg Fe Ga H2 NOt Shown = Ay5By3C1:Dyg Ey Fs G3 Hy 


Do Dy Dz Dy 04 Ds Dg Dy Dg Dp 0; Dz D3 Dy Ds Dg Dy Dg 


F100182 F100182 
Cc te] 


Intermediate Stages 
Not Shown Ay 


Op D; Dz Dy Dy Ds Dg D7 Dy Dp Dy Dz D304 Ds Dg Dy Dg 


F100182 : F100182 
3 


ch 
F100182 Cl, 
Ch 
Cla 2 
PS 


A14By2Cy0 Da Eg Fa Gz Ho Kia 


Do Dy 02 D3 Dg Os Dg Or Dg 
Ch 
Cl, 
Cty 

Cln-2 

PS 


F100182 


Do Dy Dz D3 Dy Ds Dg D7 Og 
Ch 


Cl 
F100182 


FIGURE 6. F100182 Hook-up for 16 x 16 Multiplier 
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Hardware Implementation (Continued) 


Xs XraXraXraX11X10Xs Xe | | X7 Xg Xs Xe Xg Xp Xy Xo 





4 
\ 


Fu 


F100183 F100183 
Fa Fy Fe Fs Fa Fa Fo Fy Fo Fy Fr Fe Fs Fa Fy F2 Fy Fo 


Are Ars AyaAy3Ai2Ay1 Ayo Ag Ag NC A; Ag As Ay Ay Ag Ay Ao 


TL/F/9875-12 


FIGURE 7. F100183 Hook-Up for 16 x 16 Multiplier 
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Hardware Implementation (Continueg) 


MSB 


F100180 


F100180 F100180 F100180 F100180 
S34 S32 S30 Sza Sze S24 S22 S20 Sis | S196 S14 S12 al Sio Ss Se al Sa S2 So cH 
Sss S33 Sat S20S27Sz 4 S23 S21S1s S17S1sS1 Si: Se S7 Ss Ss Si 
PsGs BaGa Cnsa Fagin Cne2 
F100179 





PeGeCnse PsGs PaGa Cnea P3Q3 P2G2 Cno2 PiGy PoGo 


F100178 tn 


TL/F/9875-13 
FIGURE 8. Final Summation for 16 x 16 Multiplier 
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National 
Semiconductor 


F100250 
Quint Full Duplex Line Transceiver 





General Description Features 


The F100250 is a quint line transceiver capable of simulta- | ™ Full duplex operation 

neously transmitting and receiving differential mode signals =m Common mode noise immunity of +1V 
on a twisted pair line. Each transceiver has a signal input 

Sin, a signal output Soyt and two differential line inputs/ 

outputs L and L. Signals received from the lines L and L can 

be stored in an internal latch. The line outputs are designed 

to drive twisted pair lines. The ENABLE input is common to 

all five transceivers. 


Ordering Code: see Sections 


Logic Symbol 


Description 


Common Enable 
100K Signal Inputs 


Sl; SO; Sly S0y Sls SOs Sl, SO, Sls SOs 


100K Signal Outputs 
Differential Line 
Inputs/Outputs 





TL/F/9876-3 


Connection Diagrams 


24-Pin DIP 24-Pin Quad Cerpak 
$0,505 Sls Ver Ls Ls 


24 23 22 21 20 19 


7 8 9 40 11 12 


onan nar oan 





_ 
oO 


SO. E Vee VocaS0s Sly 


—_ 
_ 


TL/F/9876-2 


_ 
id 


TL/F/9876-1 





3-226 


Logic Diagram 
SEE DETAIL 


by 
ty TWISTED PAIR 
L2 
i2 
L3 


L3 TL/F/9876-5 
L FIGURE 1. Interconnection of Two F100250 Circuits, 
4 
Duplex Mode Operation 


Le 
Ls 


Cs 


TL/F/9876-6 


| Son 
i iG 
ee (Se Fa (RR 
a ee ee 
eee 


ee a a a ee ee 


H = HIGH Voltage Level UL = —1.27V 

L = LOW Voltage Level Uy > -0.27V 

X = Don't Care (UL + Up)/2 = —0.77V 
n-1 = Previous State : 

* = Dependent on Sj, and Sig 


Functional Waveform 
(iy ee | La | 
Sip | | | 


rere =r 
sl os Se 


TL/F/9876-15 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for avallability and specifications. Input Voltage (DC) Veg to +0.5V 


Storage Temperature —65°C to + 150°C Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —~5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to +85°C 


Conditions 


Inputs Open 





| min | typ | Max | units | 
Rice A Ml 
E nA IN IH(Max) 


[PowerSuppyGuren ‘| -ae0 [too | 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol | Parameter =| ss Min. (| “Typ | Conditions (Note 4) 

Vou __| OutputHiGH Voltage | —1025 | —955 mV_| Vin = Vir(Max) 

Vou mv | vo Loading with 
Vorc | OutputHiGH voltage | -1095 | | |_| Vin = Vinetin pose ere 
Voro | Outputrowvotage | | | —tet0 | mv | or Nikon 

Vkn__| Line OutputHiGHVotage | -370 | | -220 | mv_| NoLoad 

Vet___| Line OutputLowVottage | -1400 | | —1090 | mv_| Viv = Vingttes) OF Vii 

Vin | InputHIGHVoltage | -1165 | | —e80 | mv | Guaranteed HIGH Signal for All Inputs 
Vit Input LOW Voltage | -18s10 | ——'|:- 1475 | mv__| Guaranteed LOW Signal for All Inputs 
lit Input LOW Current | oso | =| pA Vin = ViL(Min) 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Veca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol Parameter | min | Typ | Max | 
VoH Output HIGH Voltage 
VoL Output LOW Voltage 
VoHc Output HIGH Voltage cal 


VoLc Output LOW Voltage —1595 


ES 
— 
i 
P| = 1895 | 
VKH Line Output HIGH Voltage | -350 | | -200 | 
| 
=A 
fo 
a 


Conditions (Note 4) 


Vin = ViH(Max) 
or ViL(Min) Loading with 


or ViL(Max) 


No Load 


VKL Line Output LOW Voltage | —990 | 
VIP Input HIGH Voltage 
Input LOW Voltage 
Input LOW Current | 0.50 | ae 


Vin = ViH(Max) OF ViL(Min) 
Guaranteed HIGH Signal for All Inputs 
Guaranteed LOW Signal for All Inputs 


mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
pA 


Vin = Vit(Min) 
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DC Electrical Characteristics 
VeE = —4.8V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


0S2001 


VOH 
VoL 
VoHC 
VoLc 
VKH 
VKL 
Vin 


lit 


Output HIGH Voltage Vin = Vin(Max) 

Output LOW Voltage — 1620 or ViL (Min) Loading with 
Output HIGH Voltage Rav | iS Vinee [ee 
Output LOW Voltage —1610 or VIL(Max) 


Line Output HIGH Voltage | mv | No Load 


Line Output LOW Voltage Vin = VIH(Max) OF ViL(Min) 


Input HIGH Voltage Guaranteed HIGH 
Signal for All Inputs 
Guaranteed LOW 
Signal for All Inputs 


Input LOW Current Vin = Vit(Min 


Note 1: Unless specified otherwise on individual data sheet. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND, Tc = 0°C to + 85°C 


Propagation Delay 
LL 


Figures 2 and 4 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time L, L 
Hold Time L, L [13 


1.1 2.4 
1.2 2.8 Figures 3 and 5 
1.3 ; 
Figure 3 
1.3 


a i ee i a 
eee 


Cerpak AC Electrical Characteristics 

Vee = —4.2V to —4.8V, Voc = Veca = GND, To = 0°C to + 85°C 

parameiak | tc=oc | To= +25 | To=+85C | Gonditions 
| Min Max | Min Max 


Propagation Delay p 
S)toL,L 1. Figures 2 and 4 





Propagation Delay 
L,LtoSo 
Propagation Delay 
EtoSo 


Tc = 0°C 
1 2.2 
1.2 2.4 
Transition Time 0.5 1.9 
1.3 
1.3 


= Cc 
1.2 2.4 
1. 2.7 tee 7a Figures 3 and 5 
ae ee | 1.3 2.7 Figures 3 and 5 
20% to 80%, 80% to 20% pos 18 ue es 
Setup Time L, C Pas 
L p13 18 


Laer = Faure 
Hold Time LL [43 
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Switching Waveforms 


0.7 £ 0.1 ns 


r — 


Pewwraeweaeaeoeevea 


La + 
a ‘ 
cence eeoces eemweans S 
TL/F/9876-8 
Notes: Sig = L then P = (UL + Uy)/2,Q = UL, R = Up, S = (UL + Up)/2 
Sip = H then P = Uy, Q = (UL + Up)/2,R = (UL + Up)/2,S = UL 
FIGURE 2. S, to Differential Line 


} L, L loaded with another F100250 


0.7 £ 0.1 ns aa r 0.7 £ 0.1 ns = 


cae wmeeee2owa peawee2es Peeeeeneerere4 


A 4 


* 


U 
é 
A é é 
teaweeacond vewecoeoeaezaead weeweoenne § 


TL/F/9876-9 

Notes: Sj, = L then P = (U, + Uy)/2, Q = UL, R = Up, S = (UL + Up)/2 
Sia = Hthen P = Uy, Q = (UL + UpH)/2, R = (UL + Up)/2,S = UL 

ts is the minimum time before the transition of the enable that information must be present at the data input. 


} L, C loaded with another F100250 


ty is the minimum time before the transition of the enable that information must remain unchanged at the data input. 


FIGURE 3. Differential Line to So 
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Test Circuitry 


F100250 


ees 


Veo 


Notes: 
Voc, Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 5029 impedance lines. 
Rr = 502 terminator internal to scope. 
Decoupling 0.1 pF from GND to Voc and V_er. 
All unused outputs are loaded with 509 to GND. 
Cr. = fixture and stray capacitance < 3 pF. 
L and L terminated by F100250 or Thevenin equiva- 
lent. 
Signal levels will be a percentage of full swing if using 
equivalent network. 
Ra = 919, Rg = 5009, Ro = 2200, Rp = 71.52 
for Sig = L. 
Ra = 2209, Rg = 71.59, Ro = 919, Rp = 5002 
for Sig = H. 
TL/F/9876~-13 


FIGURE 4. AC Test Circuit SI to Differential Line 
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100250 


F100250 
DRIVER 


L 


Voc 


Notes: 

Veo, Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 502 impedance lines. 
Ry = 502 terminator internal to scope. 
Decoupling 0.1 uF from GND to Vcc and Veg. 
All unused outputs are loaded with 509 to GND. 
C, = fixture and stray capacitance < 3 pF. 


F100250 
UNDER 
TEST 


FIGURE 5. AC Test Circuit Differential Line to So and E to So 
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LOOLL 


National 
Semiconductor 


11C01 
Dual 5-4 Input OR/NOR Gate 


General Description 


The 11C01 is a voltage-compensated ECL dual 5-4 input 
OR/NOR gate. The circuit has standard internal voltage 
compensation with DC parameters identical to 10K ECL de- 
vices. 


Ordering Code: see sections 


Logic Symbol Connection Diagrams 
16-Pin DIP 


TL/F/9888-2 


On ononarwn - 





Dya-D4¢, Dog—Dag Data Inputs TL/F/9888-1 
Q1, Q4, Qe, Ge Outputs 


aon Oo on kF® Ww HE 


TL/F/9888-3 


Truth Tables 





HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 





11001 


Absolute Maximum Ratings 
Above which the useful life may be impaired 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 


Recommended Operating 
Conditions 


Min Typ Max Units 
Supply Voltage (Vee) —55 -5.2 -4.75 V 
Ambient Temperature (Ta) 0 +75 °C 


Supply Voltage Range 
Input Voltage (DC) 
Output Current (DC Output HIGH) 


—7.0V to GND 
Veg to GND 
—50 mA 


Operating Range —5.5V to —4.75V 
Lead Temperature (Soldering, 10 sec.) 300°C 


DC Electrical Characteristics 
Vee = —5.2V, Vcc = GND 


Symbol | ___ Parameter |_Min__| Typ | Max | units | Ta _| 


Output Voltage HIGH 


Output Voltage LOW 


Output Voltage HIGH 


Output Voltage LOW 


Input Voltage HIGH 


Input Voltage LOW 


Conditions 


Vin = ViH(Max) 
or ViL(Min) 
per Truth Table 


Loading is 


Vin = Viniwiny | 50S to -2.0V 


or ViL(Max) 
per Truth Table 


Guaranteed Input Voltage 
HIGH for All Inputs 


Guaranteed Input Voltage 
LOW for All Inputs 


| inputCurentHigH | || a0 | wa | +250 | Viv = Viren 


| InputCurentuow | 0s | 


AC Electrical Characteristics 
Vee = —5.2V, Ta = +25°C 


Parameter 


pA 
| Power Supply Curent | -30 | -24 | | ma __ 


+ 25°C 
+ 25°C 


Vin = Vic(min 
Inputs and Outputs Open 


Conditions 


Propagation Delay 
LOW to HIGH 


Propagation Delay 
HIGH to LOW 


Output Transition Time 


Output Transition Time 





Gane ae ae a See Figure 7 
LOW to HIGH (20% to 80%) ee ee Os ee } ns | 


HIGH to LOW (80% to 20%) iat ice ne 





LOOLI 


PULSE 
GENERATOR 


Vee = -3.2V 
TL/F/9888-4 


Notes: 


L1 and L2 = equal length 509 impedance lines 
Rr = 502 Termination of scope 

Decoupling 0.1 pF from GND to Veg and Voc 
CL < 3pF 


OUTPUTS 


TL/F/9888-5 


Notes: 

Jig setup with no circuit under test 
Voc1 = Voce = +2.0V 

Vee = —-3.2V 


FIGURE 1. Switching Circuit and Waveforms 





11005 


National 
Semiconductor 


11C05 
1 GHz Divide-By-Four Counter 


General Description 


The 11C05 is an ECL Divide-By-Four Counter with a maxi- 
mum operating frequency above 1 GHz over the 0°C to 
+ 75°C temperature range. The input may be DC or AC (ca- 
pacitively) coupled to the signal source. The emitter follower 


Ordering Code: see Sections 
Logic Symbol 


CP Clock Input 
VREF Reference Input 
Q,Q Counter Outputs 


Logic Diagram 


outputs (Q and Q) are capable of driving 502 lines. The 
outputs are voltage-compensated and provide standard 
ECL output levels. 


Connection Diagram 
14-Pin DIP 


TL/F/9889-2 


TL/F/9889-3 





Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 


Storage Temperature —65°C to + 150°C 

Maximum Junction Temperature (Ty) + 150°C Supply Voltage (Veg) 

Supply Voltage Range —7.0V to GND Commercial : —5.0V 
Input Voltage (DC) Vee to GND Military . —5.0V 
Output Current (DC Output HIGH) —50 mA Ambient Temperature (Ta) 

Operating Range —5,5V to —4.75V cee 

Lead Temperature (Soldering, 10 sec.) 300°C 


SODLE 


Min Typ 


Commercial DC Electrical Characteristics 
Vee = 5.0V, Vcc = GND 


symbol | ___Parameter_——|_ min | typ | Max | units | ta | __—Contiitions 


Vou Output Voltage HIGH — 1060 —995 —910 mV o°c Vin = Vin or Vit, 


— 1025 — 960 — 880 iM + 25°C Loading 5029 to —2V 
—980 —910 —830 +75°C 


VoL Output Voltage LOW —1810 | —1705 | —1620 ac 0°C to + 75°C 


Vin Input Voltage HIGH Guaranteed Input HIGH 





VIL Input Voltage LOW : Guaranteed Input LOW 


cc __| PowerSuppiyourent | 90 | 6 | | ma | +250 | iputOpen 
Vec__| SuppyVottageRange | -825 | -50 | -a75 | v_ | orto +75°0 | 
Vaer | InputReterencevotage |_| -29 | |v | +250 | 


Military DC Electrical Characteristics 
Vee = —5.0V, Voc = GND 


Symbol |_Parameter _{_win_|_typ_|_wex_{ units | __Ta_| Conditions 


Output Voltage HIGH —1100 | —1030 —950 — 55°C Vin = Vin or Vir, 
—980 -910 —820 + 25°C Loading 1000 to —2V 
—910 eae ery + 125°C 


Output Voltage LOW —1810 | —1705 | —55°C to + 125°C 


Input Voltage HIGH : Guaranteed Input HIGH 





Input Voltage LOW F Guaranteed Input LOW 


[rower Sippy Gwent | eo | es | | ma | +256 | ptOpen 
| Supply VottageRange | -86 | -50 | -475 | V | —s6°Cto +125°C | 
LInputReterence voltage | | -29 | | ov | +250 





11005 


Commercial and Military AC Electrical Characteristics 
Vee = —5V, Voc = GND, Ta —55°C to + 125°C unless otherwise noted 


Typ_|_max | units Conditions 
fCOUNT Maximum Sinusoidal it bias O°C to +75°C AC Coupled 
Input Frequency —55°C to + 125°C 800 mV 
fac Peak-to-Peak 


fcoUNT Minimum Sinusoidal oa 
Input Frequency (Note 2) 


(Note 1) 


Note 1: Very low frequency operation is possible as long as sufficient slew rate of the input pulse edges is maintained. 
Note 2: Input drive shall not exceed 1.5V peak-to-peak max. 


Rr = 502 termination of scope 

Ly = 509 transmission line 

Cy = 0.1 pF leadless capacitor, 250 pF for F > 25 MHz 

Ry = ON for commercial grade, 5020 for military grade 

Re = 50 for commercial grade, 1002 for military grade Veg =-3.0V 


TL/F/9889-4 
FIGURE 1. AC Test Circult 


Horizontal Scale = ns/div Horizontal Scale = 1 ns/div 
Vertical Scale = 200 mV/div Vertical Scale = 200 mV/div 


rele Snninwnrninwe 
MAL ALALA LA Pe UCC 
MUNN NN DATAVAVATATENATAV AVN 
PUENEETY ICV 
TWAT A TA 
vou, AC 
CCRC 
SSoccseee 


TL/F/9889-5 TL/F/9889-~-6 
25 MHz Operation 1.2 GHz Operation 





SINEWAVE INPUT (PEAK TO PEAK) — mV 


800 1000 1200 


INPUT FREQUENCY — MHz 


TL/F/9889-7 


FIGURE 2. AC Input Requirements 


Note: Trigger amplitudes refer to the circuit end of the input cable as opposed to the signal generator end. 


A DC coupled input should be designed to provide specified 
Vin and Vi_ levels. For AC coupling, an external resistor 
may or may not be necessary depending on the application. 
If an input signal is always present, only the capacitor is 
- required because an internal 400 resistor connected be- 
tween CP and Vper centers the AC signal about mid- 
threshold. For applications in which an input signal is not 


always present, AC coupling requires that an external 10 
KQ. resistor be connected between CP and Ve_e. This off- 
sets the input sufficiently to avoid extreme sensitivity to 
noise when no signal is present. Otherwise, noise triggering 
can lead to oscillation at about 450 MHz. For best opera- 
tion, both outputs should be equally loaded. 
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11006 


National 
Semiconductor 


11C06 
750 MHz D-Type Flip-Flop 


General Description 


The 11006 is a high-speed ECL D-Type Master-Slave Flip- 
Flop capable of toggle rates over 750 MHz. Designed pri- 
marily for high-speed prescaling, it can also be used in any 
application which does not require preset inputs. The circuit 
is voltage-compensated, which makes input thresholds and 


Ordering Code: see Sections 


Logic Symbol 


output levels insensitive to Vee variations. Complementary 
Q and Q outputs are provided, as are two Data inputs, Clock 
and Clock Enable inputs. The 11C06 is pin-compatible with 
the Motorola MC1690L but is a higher-frequency replace- 
ment. 


Connection Diagrams 


16-Pin DIP — 16-Pin Flatpak 


TL/F/9890-3 


1 

2 
3 
4 
5 
6 
7 
8 


Data Input 


Clock Input 
Clock Enable (Active LOW) 
Outputs 





TL/F/9890-~1 


Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

~ = LOW to HIGH Transition 
Qn-1 = Previous State 





Absolute Maximum Ratings 
Above which the useful life may be impaired 


If Military/Aerospace specified devices are required, Operating Range —5.7V to —4.7V 
please contact the National Semiconductor . Sales Lead Temperature (Soldering, 10 sec.) 300°C 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C Recommended Operating 
Maximum Junction Temperature (Ty) + 150°C Conditions 
Supply Voltage Range —7.0V to GND Min Typ Max 


input Voltage (DC) Veg to GND Supply Voltage (Vee) -5.7V  -5.2V —4,7V 
Output Current (DC Output HIGH) —50mA Ambient Temperature (Ta) o°c + 75°C 


DC Electrical Characteristics 
Vee = —5.2V, Voc = GND 


Symbol 


Output Voltage HIGH —1000 
—960 
—900 


S0D/1 


Conditions 


Vin = ViH (Max) OF Vit (min) Per Truth 
Table Loading 5020 to —2V 


= 
< 
no) 
I to] 
“N © © 
yz S 
ooo 
. 
> 


Output Voltage LOW 


Output Voltage HIGH Vin = Vin (Min) OF ViL (Max) for Dp Inputs 


Loading 502 to —2V 


Output Voltage LOW 


Input Voltage HIGH Guaranteed Input Voltage HIGH 


for All Inputs 


| 
© 
_ 
° 


Input Voltage LOW 


Guaranteed Input Voltage LOW 
for All Inputs 


Input Current HIGH 
Clock Input 
Data Input 


Input Current LOW 


Power Supply Current 


AC Electrical Characteristics 
Vee = —5.2V, Veco = GND, Ta = +25°C 


Typ_| Max | Units | 
Propagation Delay (CP-Q) 0.7 1.0 
Propagation Delay (CP-Q) 0.7 1.0 
Transition Time 20% to 80% 0.8 See Figure 1 
Transition Time 80% to 20% 0.8 . g 


VIN = VIH (Max) 
+25°C 
pA + 25°C 


BA Vin = VIH (Min) 
mA All Inputs Open 





—40 


Conditions 


Set-up Time 
Hold Time 


Toggle Frequency (cP) | @50_| 750} | MHz__| Seo Figure Z Note 


Note: The device is guaranteed for frog (CP) 2 600 MHz, frog(CE) 2 550 MHz over the 0°C to +75°C temperature range. 








11006 


Functional Description 


While the clock is LOW, the slave is held steady and the 
information on the D input is permitted to enter the master. 
The next transition from LOW to HIGH locks the master in 
its present state making it insensitive to the D input. This 
transition simultaneously connects the slave to the master 
causing the new information to appear on the outputs. Mas- 
ter and slave clock thresholds are internally offset in oppo- 
site directions to avoid race conditions or simultaneous 


PULSE 
GENERATOR 


Rr = 502 termination of scope 
Ly = 502 impedance lines 
All input transition times are 2.0 ns +0.2 ns 


master-slave changes when the clock has slow rise or fall 
times. a 


The CP and CE inputs are logically identical, but physical 
constraints associated with the Dual-In-Line package make 
the CE input slower at the upper end of the toggle range. To 
prevent new data from entering the master on the next CP 
LOW cycle, CE should go HIGH while CP is still HIGH. 


Vece1 = Vec2=+2.0V 


TL/F/9890-4 


FIGURE 1. Propagation Delay (CP to Q) 


Li 0 
SIGNAL PXy 
GENERATOR V7 


Rr = 502 termination of scope 

Ly = 502 impedance lines 

Adjust Vgias for +0.7V baseline of 

800 mV peak-to-peak sinewave input. 

All input transition times are 2.0 ns +0.2 ns 


Voc1= Vec2= +2.0V 
O 


TL/F/9890~5 


FIGURE 2. Toggle Frequency Test Circuit 
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Typical Waveforms 


ni nl A 
ial Ath Ae 
VEE 


rn 


Nee 


~~ ENE 


700 MHz Operation 


Horizontal Scale = 1.0 ns/div 
Vertical Scale = 200 mV/div 


TL/F/9890-6 
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11070 


National 
Semiconductor 


11070 | 


Master-Slave D-Type Flip-Flop 


General Description 


The 11070 is a high-speed ECL D-Type Master-Slave Flip- 


Flop capable of toggle rates over 650 MHz. Designed pri- 


marily for communications and instrumentation, it can also . 


be used in other digital applications and is fully compatible 
with 10K ECL. Asynchronous Direct Set and Direct Clear 
inputs are provided which override the clock. 


The circuit is voltage-compensated, which makes output 
levels and input thresholds insensitive to Veg variations. 


Ordering Code: see Sections 


Logic Symbol 


So 


TL/F/9891~-2 


Clock Enable (Active LOW) 
Clock Pulse 

Data Input 

Outputs 

Direct Set 

Direct Clear 


This also allows operation with ECL supply voltage Veg of 
—§.2V or with TTL supply Voc of +5.0V. Each input has an 
internal 50 kQ. pull-down resistor, which allows unused in- 
puts to be left open. Open emitter-follower outputs accom- 
modate a variety of loading and terminating schemes. The 
11070 is pin-compatible with the Motorola MC1670 but is a 
higher-frequency replacement. 


Connection Diagram 
16-Pin DIP 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/9891~-1 


Direct Set 
Direct Clear 
Intermediate 
Disable Clock 
Clocked Set 
Clocked Clear 

HIGH Voltage Level 

LOW Voltage Level 

Don’t Care 


/ = LOW to HIGH Transition 
t, t+1 = Time Before and After Clock Positive Transition 





Absolute Maximum Ratings 


Above which the useful life may be impaired 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 
Supply Voltage Range —7.0V to GND 
Input Voltage (DC) Veg to GND 
Output Current (DC Output HIGH) —50mA 
Operating Range —5.7V to —4.7V 
Lead Temperature (Soldering, 10 sec.) ; 300°C 


DC Electrical Characteristics 
Vee = —5.2V, Vcc = GND 


Symbol 


Output Voltage HIGH 


< 
me) 


— 1000 
—960 
—900 


Output Voltage LOW 


Output Voltage HIGH 


Output Voltage LOW 


Input Voltage HIGH 
Input Voltage LOW 


Input Current HIGH 
Clock Input 
Data Input 
Sp and Cp 


Input Current LOW 
Power Supply Current 


AC Electrical Characteristics 
Vee = —5.2V, Voc = GND, Ta = +25°C 


Propagation Delay (CP-Q) 
Propagation Delay (Sp-Q, Cp-Q) 


teLH, tPHL 
te: tPHL 


Transition Time 80% to 20% 
Toggle Frequency (CP) 


TOG (MAX) 


1 t | 
NO © 
yuo k 
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N 
nD 
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| Min 
eas! 
ial 
[Transition Time 20% to80% | | 
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Recommended Operating 


Conditions 

Min Typ 
Supply Voltage (Veg) -5.7V -5.2V 
Ambient Temperature (Ta) o°Cc 


Conditions 


Vin = Vina Or Vitp per Truth 
Table Loading 509 to —2V 


Vin = Vine or ViLa for D Input 
Loading5092 to-2V 


Guaranteed Input Voltage HIGH 
for All Inputs 


Guaranteed Input Voltage LOW 
for All Inputs 
+ 75°C 


_ 


C 
Vin= ViHB 
mA All Inputs Open 


pA 
pA 
pA 
pA 


mV 
mV 
mV 
mV 
| nA 
| mA | 


T Conditions 


See Figures 3 and 4 


= 
N 


yp 
650 See Figure 2 


Note: This device is guaranteed for ffogimax) = 500 MHz over the 0°C to + 75°C temperature range. 
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11070 


Functional Description 


Master and slave clock thresholds are internally offset in 
opposite directions to avoid race conditions or simultaneous 
master-slave changes when the clock has slow rise or fall 
times. While the clock is LOW, the slave is ina HOLD condi- 
tion and information present on the D input is gated into the 
master. When the clock goes HIGH, it locks the master into 
its present state, making it insensitive to the D input, caus- 
ing the new information to appear on the outputs. 


The CP and CE inputs are logically identical, but physical 
constraints associated with the Dual In-Line package make 
the CE input slower at the upper end of the toggle range. To 
prevent new data from entering the master on the next CP 
LOW cycle, CE should be HIGH while CP is still HIGH. 


A HIGH signal on Sp or Cp will override the clocked inputs 
and force Q or Q, respectively, to go HIGH. If both Cp and 
Sp are HIGH, the two output voltages will be somewhere 
between the HIGH and LOW levels and thus, cannot be 
usefully defined. 


When the input signals for the 11C70 come from other ECL 
circuits, either 11CXX series or 10K types, these circuits will 
automatically provide appropriate signal swings, provided, 
of course, that these circuits are operated within their rat- 
ings and that due consideration is given to terminations ap- 
propriate to the particular application, as discussed in the 
F100K ECL Design Guide (Section 5 of Databook). 


For applications where the clock signal comes from a circuit 
type other than ECL (in high frequency prescaling, for exam- 
ple) it is generally necessary to use external components to 
shift the signal levels and center them about the 11070 
input threshold region. A typical biasing scheme is shown in 
Figure 7. Resistors R1 and R2 are chosen such that the 


quiescent voltage at the CP input is — 1.3V with respect to 
the Vcc terminal of the 11C70. Also indicated is the cou- 
pling from Q back to the D input to make a simple toggle. 
The clock source should be designed to provide a signal 
swing in the range of 400 mV to 1200 mV, peak-to-peak, 
over the specified frequency and temperature range. To 
avoid saturating the input transistor, and thus limiting the 
frequency capability, the positive peak of the clock should 
not be more positive than —0.4V with respect to Vcc. 


The 11C70 outputs have no internal pull-down resistors. 
When driving a microstrip line terminated at the far end by a 
resistor returned to —2V (w.r.t. Voc), the quiescent lox cur- 
rent in the line performs the pull-down function when the 
output starts to go LOW. For series termination or for short 
unterminated lines, a 2700 resistor to Veg will provide ade- 
quate pull-down current. The outputs switch slightly faster 
when both outputs are equally loaded than if only one out- 
put is loaded. Equal and opposite changes in Q and Q load 
currents tend to cancel the effects of the small inductance 
of the Vcc pin. 


The test arrangements illustrate the use of split power sup- 
plies, with a 2V Vcc and —3.2V Veg. This is done as a 
matter of instrumentation convenience, since it allows the 
outputs to be connected via 502 cables directly to the sam- 
pling scope inputs, which have 500 internal terminations. 
By thus avoiding the use of probes, test correlation prob- 
lems between supplier and user are minimized. In actual 
applications, only a single power supply is needed, and 
ground can be assigned to Voc, as in ECL systems or to 
Vee side as in TTL systems. RF bypass capacitors are rec- 
ommended in either case. 


TL/F/9891-3 


FIGURE 1. Input Biasing for AC Coupled Triggering 
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SIGNAL 
GENERATOR 


Veg =-3.2V 


TL/F/9891-4 


Rr = 502 termination of scope 
Ly = 502 impedance lines 


Adjust Veias for +0.7V baseline of 
800 mV peak-to-peak sinewave input 


+1.11V 


+0.31V 


Wtcount 


Vout 


TL/F/9891-5 
FIGURE 2. Toggle Frequency Test Circuit 





11070 


DELAYED 
PULSE 
GENERATOR 


PULSE 
GENERATOR 


Voc1 = Voce = +2.0V 

VeE = —-3.2V 

Ry = 502 termination of scope 

Ly, Le = equal 502 impedance lines 

All input transition times are 2.0 ns +0.2 ns 


{PHL 


tTHL 


FIGURE 3. Propagation Delay and Cp Test Circult 
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TL/F/9891-6 


TL/F/9891-7 





OZOLE 


PULSE 
GENERATOR 


DELAYED 
PULSE 
GENERATOR 


TL/F/9891-8 
Voc1 = Voce = +2.0V 
Vee = —3.2V 
Rr = 502 termination of scope 
Ly, Lg = equal 502 impedance lines 
All input transition times are 2.0 ns +0.2 ns 


_ 2.0 £0.2 ns 





iS 


FIGURE 4. Propagation Delay and Sp Test Circuit 
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11090/11091 


National 
Semiconductor 


11C90/11C91 
650 MHz Prescalers 


General Description 


The 11090 and 11C91 are high-speed prescalers designed 
specifically for communication and instrumentation applica- 
tions. All discussions and examples in this data sheet are 
applicable to the 11C91 as well as the 11C90. 


The 11090 will divide by 10 or 11 and the 11091 by 5 or 6, 
both over a frequency range from DC to typically 650 MHz. 
The division ratio is controlled by the Mode Control. The 
divide-by-10 or -11 capability allows the use of pulse swal- 
lowing techniques to control high-speed counting modulos 
by lower-speed circuits. The 11C90 may be used with either 
ECL or TTL power supplies. 


In addition to the ECL outputs Q and Q, the 11C90 contains 
an ECL-to-TTL converter and a TTL output. The TTL output 
operates from the same Vcc and Vgg levels as the counter, 
but a separate pin is used for the TTL circuit Veg. This mini- 
mizes noise coupling when the TTL output switches and 





Ordering Code: see Sections 
Logic Symbol 


Mi M2 


TL/F/9892-2 


Count Enable Input (Active LOW) 
Clock Pulse Input 
Count Modulus Control Input 


Asynchronous Master Set Input 
ECL Outputs 

TTL Output 

2 kf. Resistor to Mn 

4002 Resistor to Veg 





also allows power consumption to be reduced by leaving 
the separate Veg pin open if the TTL output is not used. 


To facilitate capacitive coupling of the clock signal, a 400 
resistor (VpeF) is connected internally to the Vag reference. 
Connecting this resistor to the Clock Pulse input (CP) auto- 
matically centers the input about the switching threshold. 
Maximum frequency operation is achieved with a 50% duty 
cycle. 


Each of the Mode Control inputs is connected to an internal 
2 kQ resistor with the other end uncommitted (RM and 
RM). An M input can be driven from a TTL circuit operating 
from the same Vcc by connecting the free end of the asso- 
ciated 2 kf resistor to Voca. When an M input is driven 
from the ECL circuit, the 2 kf. resistor can be left open or, if 
required, can be connected to Veg to act as a pull-down 
resistor. 


Connection Diagram 
16-Pin DIP 


aon Omar WwW DP 


TL/F/9892=1 
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Absolute Maximum Ratings 


Above which the useful life may be impaired 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature ‘ —65°C to + 150°C 
Maximum Junction Temperature (Ty) +150°C 
Supply Voltage Range —7.0V to GND 
Input Voltage (DC) Veg to GND 
Output Current (DC Output HIGH) —50mA 
Operating Range —5.7V to —4.7V 


Lead Temperature 
(Soldering, 10 sec.) 


Conditions 
Commercial 
Military 


Commercial 
Military 


300°C 
TTL Input/Output Operation 
DC Electrical Characteristics 


Recommended Operating 


Ambient Temperature (Ta) 


Supply Voltage (Veg) 


Typ 


L6EDLE/O6DLL 


Over Operating Temperature and Voltage Range unless otherwise noted, Pins 12 and 13 = GND 


Symbol Parameter 


Typ 
(Note 3) 


ViH 


Input HIGH Voltage 4d 

My; and Mo Inputs ; 

Input LOW Voltage 

My and Mo Inputs . 

Output HIGH Voltage 

Output LOW Voltage 

QTTL Output 

Input LOW Current rik 
M; and Mo Inputs 


Output Short Circuit = 
| Siren | eo | mes |e | ma 


AC Electrical Characteristics 
Voc = Voca = 5.0V Nominal, Vege = GND, Ta = +25°C 


CP to QTTL 


Propagation Delay, (50% to 50% 
MS to QTTL 


Mode Control Setup Time 
Mode Control Hold Time 0 | 


Propagation Delay, (50% to 50%) 
) 


Output Rise Time 
(20% to 80%) 


Output Fall Time 
(80% to 20%) 


Count Frequency 
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Conditions 


Guaranteed Input HIGH Threshold 
Voltage (Note 4), Vcc = Voca = 5.0V 
Guaranteed Input LOW Threshold 
Voltage (Note 4), Vcc = Voca = 5.0V 
Vcc = Veca = Min, 

IoH = —640 pA 

Vcc = Veca = Min, 

lo. = 20.0 mA 

Vec = Voca = Max, 

Vin = 0.4V, Pins 6, 7 = Voc 

Voc = Voca = Max, 

Vout = 0.0V, Pin 14 = Voc 


Conditions 
See Figure 7 


—55°C to + 125°C 

0°C to + 75°C 

Clock Input AC Coupled 
350 mV Peak-to-Peak 
Sinewave (Note 5) 





11090/11C91 


ECL Operation—Commercial Version 


DC Electrical Characteristics 
Voc = Voca = GND, Veg = —5.2V 


Symbol Min Conditions 


Output HIGH Voltage —1060 —995 —905 Load = 509 to —2V 
QandQ — 1025 —960 —880 
~—980 —910 —805 


VoL Output LOW Voltage z - _ 0°C to 


Input HIGH Voltage Guaranteed Input HIGH 
Signal (Note 6) 


Input LOW Voltage Guaranteed Input LOW 
Signal 


Input HIGH Current Vin = VIHA 
CP Input (Note 1) 400 
MS Input 400 pA 
My, and Mo Input 250 
Input LOW Curent Vin = Vive 
Power Supply Current —110 _75 ak 0°C to Pins 6, 7, 13 not connected 
—119 +78C 
VEE Operating Supply = (es _ 0°C to 
Voltage Range ee oe ele " +75°C 
VREF Reference Voltage 1550 1150 


AC Electrical Characteristics 
Ta = 0°C to +75°C, Voc = Veca = GND, Vee = —5.2V 


Parameter x T Conditions 
yp Min Typ Max yp 
Propagation Delay, : Output: 
(50% to 50%) CP toQ ne i aay a0 ae R, = 502 to —2.0V 


Propagation Delay, input: 
9 9 : 
(50% to 50%) MS toQ tj = tq = 2.0 0.1 ns 
Setup Time, M to CP ; : i : (20% to 80%) 
Hold Time, M to CP See Figure 7 


Output Rise Time 
(20% to 80%) 


Output Fall Time 
(80% to 20%) 


Maximum Clock Frequency AC Coupled Input 350 mV 
Peak-to-Peak. fax is 
Guaranteed to be 575 MHz 
Min at 0°C to + 75°C. 
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ECL Operation—Military Version 


DC Electrical Characteristics 
Voc = Veca = GND, Vee = ~—5.2V 


Output HIGH Voltage —1100 — 1030 —900 Load = 100M to —2V 
QandQ —980 —910 —820 
—910 ~—820 —670 


Output LOW Voltage a = — 55°C e 


Input HIGH Voltage Guaranteed Input HIGH 
Signal (Note 6) 


L6DLL/O6DLF 





Input LOW Voltage Guaranteed Input LOW 
Signal 


Input HIGH Current Vin = VIHA 
CP Input (Note 1) 
MS Input 

My and Mo Input 


Power Supply Current —110 —75 | mA | +250 | Pins 6, 7, 13 not connected 


—55°C eS 
pa as 
Operating Supply — 55°C to 
Voltage Range + 125°C 
VREF Reference Voltage aces ee ney Va = Nae = —5.0V 





AC Electrical Characteristics 
Ta = —55°C to + 125°C, Voc = Voca = GND, Vee = ~—5.2V 


te te ae S unit Conditions 
Propagation Delay, Output: 
(50% to 50%) CP toQ MO hoe ee ee 30 Ri = 509 to —2.0V 
Propagation Delay, ; 
(50% to 50%) MS to Q Input 


ti = ty = 2.0 +0.1 ns 
Setup Time, M to CP ah 4.0 2.0 Bn io 80%) 


Hold Time, M to CP 


Output Rise Time 
(20% to 80%) 


Output Fall Time 
(80% to 20%) 


Soo gue 


Maximum Clock Frequency AC Coupled Input 350 mV 
Peak-to-Peak. fryyax is 
Guaranteed to be 550 MHz 


Min at — 55°C to + 125°C. 





Note 1: Conditions for testing, not shown in the Table, are chosen to guarantee operation under “worst case” conditions. 


Note 2: The specified limits represent the ‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature and supply 
voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Typical limits are at Vccg = 5.0V and Ta = +28°C. 

Note 4: The My and Mp threshold specifications are normally referenced to the Voc potential, as shown in the ECL operation tables. Using Vee (GND) as the 
reference, as in normal TTL practice, effectively makes the threshold vary directly with Voc. Threshold is typically 1.3V below Vcc (@.9., +3.7V at Voc = +5V).A 
signal swing about threshold of +0.4V is adequate, which gives the state Vj and Vj, values. The internal 2 kf resistors are intended to pull TTL outputs up to the 
required Viy range, as discussed in the Functional Description and shown in Figure 5. 

Note 5: TTL Output Signal swing is guaranteed at fryyax over temperature range. 

Note 6: M, or Mo can be tied to Vcc for fixed divide-by-ten operation. 
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11090/11C91 


"| /<— tern, CP TOQ 


| jx—1,mT0 cP 


Conditions: 

Voc = +2.0V 

Veg = —3.2V 

Rr = 502 (scope input impedance) 

C. = Jig and stray capacitance < 5.0 pF 

ly = Le = equal 509 impedance lines 

C = 0.1 pF 

Note 7: Use high impedance to test QTTL. 
Connect pin 13 to Veg. 


Note 8: For High frequency test use AC coupled input as in Figure 3. 
Adjust input amplitude to 350 mV peak-to-peak. 


TL/F/9892-3 


OUTPUT Q (+10) 


OUTPUT Q (+11) 


fe tpri, CP TO Q, +11 


TL/F/9892-4 


FIGURE 1. AC Test Circuit 
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Functional Description 


The 11C90 contains four ECL Flip-Flops, an ECL to TTL 
converter and a Schottky TTL output buffer with an active 
pull-up. Three of the Flip-Flops operate as a synchronous 
shift counter driving the fourth Flip-Flop operating as an 
asynchronous toggle. The internal feedback logic is such 
that the TTL output and the Q ECL output are HIGH for six 
clock periods and LOW for five clock periods. The Mode 
Control (M) inputs can modify the feedback to make the 
output HIGH for five clock periods and LOW for five clock 
periods, as indicated in the Count Sequence Table. 


The feedback logic is such that the instant the output goes 
HIGH, the circuit is already committed as to whether the 
output period will be 10 or 11 clock periods long. This 
means that subsequent changes in an M input signal, in- 
cluding decoding spikes, will have no effect on the current 
output period. The only timing restriction for an M input sig- 
nal is that it be in the desired state at least a setup time 
before the clock that follows the HHLL state shown in the 
table. The allowable propagation delay through external log- 
ic to an M input is maximized by designing it to use the 
positive transition of the 11C90 output as its active edge. 
This gives an allowable delay of ten clock periods, minus 
the CP to Q delay of the 11C90 and the M to CP setup time. 
If the external logic uses the negative output transition as its 
active edge, the allowable delay is reduced to five clock 
periods minus the previously mentioned delay and setup 
time. 

Capacitively coupled triggering is simplified by the 400N re- 
sistor which connects pin 15 to the internal Vgg reference. 
By connecting this to the CP input, as shown in Figure 3, the 
clock is automatically centered about the input threshold. A 
clock duty cycle of 50% provides the fastest operation, 
since the Flip-Flops are Master-Slave types with offset clock 
thresholds between master and slave. This feature ensures 
that the circuit will operate with clock waveforms having 
very slow rise and fall times, and thus, there is no maximum 
frequency restriction. Recommended minimum and maxi- 
mum clock amplitude as a function of a frequency and tem- 
perature are shown in the graph labeled Figure 2. When the 
CP or any other input is driven from another ECL circuit, 


normal ECL termination methods are recommended. One . 


method is indicated in Figure 4. Other ECL termination 


methods are discussed in the F100K ECL Design Guide | 


(Section 5 of Databook). 


OPERATING 
RANGE 
+78°C 
Conoition>* 
t1asc 
ae 


ied = 
INPUT FREQUENCY — MHz 


SINUSOIDAL INPUT AMPLITUDE mV peak-to-peak 


TL/F/9892-5 
FIGURE 2. AC Coupled Triggering Characteristics 


11€90/11C91 


161 cp 


15) 
TL/F/9892~10 


FIGURE 3. Capacitively Coupled Clocking 


Vcc 
TIC9O/11C91 


ECL 
CIRCUIT 


TL/F/9892~11 


Ria | 806 | tat | 162 | 
| Ram | 190 | 196 | 261 


Vee = —5.2V, Voc = OV, Vit = —2.0V 
FIGURE 4. Clocking by ECL Source via Terminated Line 





When an M input is to be driven from a TTL output operating 
from the same Vcc and ground (Vg_¢), the internal 2 kN 
resistor can be used to pull the TTL output up as shown in 
Figure 5. Some types of TTL outputs will only pull up to 
within two diode drops of Vcc, which is not high enough for 
11C90 inputs. The resistor will pull the signal up through the 
threshold region, although this final rise may be somewhat 
slow, depending on wiring capacitance. A resistor network 
that gives faster rise and also lower impedance is shown in 
Figure 6. 


13 (OPTIONAL) 


TL/F/9892-12 
FIGURE 5. Using Internal Pull-Up with TTL Source 


6201 





TL/F/9892-13 
FIGURE 6. Faster Low Impedance TTL to ECL Interface 





LEDLL/OGDLI 





11090/11C91 


Functional Description (continued) 


The ECL outputs have no pull-down resistors and can drive 
series or parallel terminated transmission lines. For short 
interconnections that do not require impedance matching, a 
2702 to 5100 resistor to Veg can be used to establish the 
Vot level. Both Vcc pins must always be used and should 


Logic Diagram 11C90 


be connected together as close to the package as possible. 
Pin 12 must always be connected to the Veg side of the 
supply, while pin 13 is required only if the TTL output is 
used. Low impedance Vcc and V_g distribution and RF by- 
pass capacitors are recommended to prevent crosstalk. 


TL/F/9892-6 


Note: This diagram is provided for understanding of logic operation only. It should not be used for evaluation of propagation delays as many internal functions are 


achieved more efficiently than shown. 


Count Sequence Table 11C90 


LY 
9 
re) 


Q3; Q4(QTTL) 


H 
L 
L 
L 
H 
H 
L 
L 
L 
H 
H 


Treereerewirerereewe 
Cee Lee er ee 
Creer rrriit 


TL/F/9892-7 


Note: A HIGH on MS forces all Qs HIGH. 


Operating Mode Table 11090 


Output 
Response 


Set HIGH 


Hold 
+11 
+10 
+10 





HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 
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Logic Diagram 11C91 


Count Sequence Table 11C91 
Q; Qo Q3(QTTL) 


+6 


TL/F/9892-9 
Note: A HIGH on MS forces all Qs HIGH. 


4-27 


TL/F/9892-8 


Operating Mode Table 11C91 


Output 
Response 


Set HIGH 


Hold 
+6 
+5 
+5 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
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Section 5 
ECL BiCMOS SRAMs 





Section 5 Contents 


NM5100/NM100500 ECL I/O 256k BiCMOS SRAM 262,144 x 1 Bit 
NM5104/NM100504 256k BICMOS SRAM 64k x 4 Bit 

NM100494 64k BiCMOS SRAM 16k x 4 Bit 

NM10494 64k BiCMOS SRAM 16k x 4 Bit 

NM100492/NM4492 2k x 9 Advanced Self-Timed SRAM (Preliminary) 





National 
Semiconductor 


NM5100/NM100500 ECL I/O 256k BiCMOS SRAM 


262,144 x 1 Bit 


General Description 


The NM5100 and NM100500 are a 262,144-bit fully static, 
asynchronous, random access memories organized as 
262,144 words by 1 bit. The devices are based on Nation- 
al’s advanced one micron BiCMOS III process. This process 
utilizes advanced lithography and processing techniques 
with double polysilicon and double metal bringing high den- 
sity CMOS to performance driven ECL designs. National’s 
combination of high performance technology and speed op- 
timized circuit designs results in a very high speed memory 
device. 


The NM5100 operates with a supply voltage of —5.2V 
+5%, yet the input and output voltage levels are tempera- 
ture compensated 100k ECL compatible. The NM100500 
operates with a —4.2V to —4.8V supply voltage. 


Reading the memory is accomplished by pulling the chip 
select (S) pin LOW while the write enable (W) pin remains 
HIGH allowing the memory contents to be displayed on the 
output pin (Q). The output pin will remain inactive (LOW) if 
either the chip select (S) pin is HIGH or the write enable (W) 
pin is LOW. 

Writing to the device is accomplished by having the chip 
select (S) and the write enable (W) pins LOW. Data on the 


Connection Diagrams 
400 Mil Ceramic DIP 


oon Doe wn — 


=_—_ 
nb = Oo 


TL/D/9451-1 
Top View 


input pin will then be written into the memory address speci- 
fied on the address pins (AO-A17). 


Features 

m 15 ns/18 ns speed grades over the commercial 
temperature range 

m Balanced read and write cycle times 

m Write cycle timing allows 33% of cycle time for system 
skews 

m™ Temperature compensated F100k ECL I/O 

m Power supply —5.2V +5% (NM5100) 

m Power supply —4.2V to —4.8V (NM100500) 

@ Low power dissipation <1.1W 

m@ Soft error rate less than 100 FIT 

m Over 2000V ESD protection 

m One micron BICMOS III process technology 

mw Over 200 mA latch-up immunity 

g Low inductance, high density 24-pin flatpack 


365 x 535 Ceramic Flatpack 
(30 Mil Lead Pitch) 


owmon OW F&F WH 


TL/D/9451-2 
Top View 


Pin Names 


Power 
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NM100504/NM5104 


National 
Semiconductor 


NM100504/NM5104 256k BiCMOS SRAM 64k x 4 


General Description 


The NM5104 and NM100504 are 262,144-bit fully static, 
asynchronous, random access memories organized as 
65,536 words by 4 bits. The device is based on National’s 
advanced one micron BiCMOS III process. This process uti- 
lizes advanced lithography and processing techniques with 
double polysilicon and double metal bringing high density 
CMOS to performance driven ECL designs. National’s com- 
bination of high performance technology and speed opti- 
mized circuit designs results in a very high speed memory 
device. 


The NMS5104 operates with a supply voltage of —5.2V 
+5%, yet the input and output voltage levels are tempera- 
ture compensated 100K ECL compatible. The NM100504 
operates with a —4.2V to —4.8V supply voltage. 


Reading the memory is accomplished by pulling the chip 
select (S) pin LOW while the write enable (W) pin remains 
HIGH allowing the memory contents to be displayed on the 
output pins (QO-Q3). The output pins will remain inactive 
(LOW) if either the chip select (S) pin is HIGH or the write 
enable (W) pin is LOW. 


Writing to the device is accomplished by having the chip 
select (S) and the write enable (W) pins LOW. Data on the 


Connection Diagrams 


28-Pin Ceramic DIP 


oan 7nnrkr UN 


TL/D/10390-1 
Top View 


input pins will then be written into the memory address 
specified on the address pins (AO-A15). 


Features 

m Speed Grades: 12 ns/15 ns/18 ns 

m Speed Grades: 15 ns/18 ns (NM100504) 

g Balanced read and write cycle times 

Write cycle timing allows 33% of cycle time for system 
skews 

m Temperature compensated F100K ECL 1/O 

m@ Power supply —5.2V to +5% (NM5104) 

m Power supply —4.2V to —4.8V. (NM100504) 

m@ Low power dissipation <1.4W @ 50 MHz 

m Soft error rate less than 100 FIT 

m Over 2000V ESD protection 

m One micron BiCMOS Ill process technology 

m Over 200 mA latch-up immunity 

@ Low inductance, high density 28-pin flatpak and 28-pin 
ceramic DIP 


28-Pin Ceramic Flatpak 
(30 Mil Lead Pitch) 


oa N OW ewe” 


TL/D/10390-2 
Top View 


Pin Names 
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National 
Semiconductor 
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NM100494 64k BICMOS SRAM 16k x 4 Bit 


General Description 


The NM100494 is a 65,536-bit fully static, asynchronous, 
random access memory organized as 16,384 words by 4 
bits. The device is based on National’s advanced one mi- 
cron BiCMOS III process. This process utilizes advanced 
lithography and processing techniques with double polysili- 
con and double metal bringing high density CMOS to per- 
formance driven ECL designs. National’s combination of 
high performance technology and speed optimized circuit 
designs results in a very high speed memory device. 


The NM100494 operates with a —4.2V to —4.8V supply 
voltage. Reading the memory is accomplished by pulling the 
chip select (S) pin LOW while the write enable (W) pin re- 
mains HIGH allowing the memory contents to be displayed 
on the output pins (Q0-Q3). The output pins will remain 
inactive (LOW) if either the chip select (S) pin is HIGH or the 
write enable (W) pin is LOW. 

Writing to the device is accomplished by having the chip 
select (S) and the write enable (W) pins LOW. Data on the 
input pins will then be written into the memory address 
specified on the address pins (AO-A13). 


Connection Diagrams 


28-Pin Ceramic DIP 


oon mone Hw KH 


TL/D/10391-2 
Top View 





Features 

m 15 ns/18 ns speed grades over the commercial tem- 
perature range 

m Balanced read and write cycle times 

@ Write cycle timing allows 33% of cycle time for system 
skews 

m= Temperature compensated F100K ECL I/O 

mw Power supply —4.2V to —4.8V 

@ Low power dissipation <1.3W @ 50 MHz 

a Soft error rate less than 100 FIT 

mw Over 2000V ESD protection 

m One micron BiCMOS Ill process technology 

@ Over 200 mA latch-up immunity 

m@ Low inductance, high density 28-pin flatpak and 28-pin 
ceramic DIP 


28-Pin Ceramic Flatpak 
(30 Mil Lead Pitch) 


oon nuk WwW DH = 


TL/D/10391-3 
Top View 


Pin Names 


Address Inputs 
Chip Select 
Write Enable 


Ground 


| Qo-a3_ | ata ut 





NM10494 


National 
Semiconductor 


NM10494 64k BiCMOS SRAM 16k x 4 Bit 


General Description 


The NM10494 is a 65,536-bit fully static, asynchronous, ran- 
dom access memory organized as 16,384 words by 4 bits. 
The device is based on National’s advanced one micron 
BiCMOS Ill process. This process utilizes advanced lithog- 
raphy and processing techniques with double polysilicon 
and double metal bringing high density CMOS to perform- 
ance driven ECL designs. National’s combination of high 
performance technology and speed optimized circuit de- 
signs results in a very high speed memory device. 


The NM10494 operates with a supply voltage of —5.2V 
+5%, and the input and output voltage levels are 10k ECL 
\/O compatible. 


Reading the memory is accomplished by pulling the chip 
select (S) pin LOW while the write enable (W) pin remains 
HIGH allowing the memory contents to be displayed on the 
output pins (QO-Q3). The output pins will remain inactive 
(LOW) if either the chip select (S) pin is HIGH or the write 
enable (W) pin is LOW. 


Writing to the device is accomplished by having the chip 
select (S) and the write enable (W) pins LOW. Data on 


Connection Diagrams 


28-Pin Ceramic DIP 


onmon Ook Wn — 


TL/D/10393-2 
Top View 


Pin Names: 


A0-A13 Address Inputs 
| S| Chip Sete 


Write Enable 


Qo-a8 


Do-Ds 
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the input pins will then be written into the memory address 
specified on the address pins (AO—A13). 


Features : 

m 10 ns/12 ns/15 ns speed grades over the commercial 
temperature range 

m Balanced read and write cycle times 

@ Write cycle timing allows 33% of cycle time for system 
skews 

m 10k ECL I/O 

m Power supply —5.2V +5% 

@ Low power dissipation <1.3W @ 50 MHz 

@ Soft error rate less than 100 FIT 

m Over 2000V ESD protection 

m™ One micron BiCMOS III process technology 

m Over 200 mA latch-up immunity 

m@ Low inductance, high density 28-pin flatpak and 28- “pin 
ceramic DIP 


28-Pin Ceramic Flatpak 
(30 Mil Lead Pitch) 
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Top View 





National 
Semiconductor 


PRELIMINARY 


NM 100492/NM4492 2k x 9 Advanced Self-Timed SRAM 


Features 

m Extremely fast access time 
— 5 ns Max (NM4492) 
— 7 ns Max (NM100492) 
Power supply: —5.2V + 5% (NM4492) 
Power supply: —4.2V to —4.8V (NM100492) 
Completely self-timed read and write cycle 
On-chip input and output registers 
Modest power consumption—2W at 7 ns, <1.5W at 
100 MHz 
On-chip parity checking—with odd address parity mode 
pin 
Clock enable input simplifies pipeline contro! 
Scan diagnostics supported by on-chip scan registers 
High speed ceramic flatpak 
High speed TapePak™ package under development 
I/O compatible with F100k standard 


General Description 


The NM100492/NM4492 is an extremely high performance 
2k x 9 SRAM. It is the first of a family of similar 9-bit wide 
SRAMs designed specifically for very high speed ECL com- 
puter applications such as register files, writable control 
stores, cache RAMs, cache tag RAMs, and address transla- 
tion lookaside buffers. The NM100492/NM4492 offers sev- 
eral features which are very desirable in such applications. 


ADVANCED SELF-TIMED ARCHITECTURE 


This advanced self-timed RAM simplifies the system design 
of extremely fast memory arrays by minimizing the impact of 
timing skews on the cycle time of the memory array. All 
input signals (address, data and control signals) are regis- 
tered on-chip by a transition of the clock. By registering all 
inputs with minimal setup and hold times (setup + hold = 
2 ns) the troublesome skews inherent with traditional static 
RAM timing requirements are significantly reduced. With 
skew problems minimized, very short cycle times become 
practical. Output registers (self-timed on-chip) hold output 
data valid for an extended portion of the cycle easing sys- 
tem read timing requirements. 


HIDDEN WRITE CYCLE MODE 


The hidden write cycle timing allows relaxed data bus tim- 
ing. This will often ease system setup and hold require- 
ments for the data output bus. Hidden write timing is essen- 
tially a technique for interleaving reads and writes. This ad- 
vanced self-timed SRAM supports hidden write timing more 
conveniently in the system than first generation self-timed 
SRAM'’s, due to the unique control signal functions defined 
for write enable (W) and chip select (S). By keeping the 
output register active (with the last read data) during a write 
cycle, this device greatly simplifies the timing of interleaved 
memory architectures. This mode may be very useful in 
cache and register file applications, where multiple sources 
and/or destinations may be interleaved within each ma- 
chine cycle. 


PARITY CHECKING 


The device also offers several convenient features which 
may be useful in specific applications. One such feature is 
the on-chip parity checking function. For systems where 
parity checking is desirable this device will check for odd 
parity on the 9-bit data input field, and will check for either 
even or odd parity (depending on the polarity of the parity 
mode pin —PM) on the 11-bit address field combined with 
the address parity input. Odd parity is met when the number 
of highs in the field is odd. Address parity checking can be 
conveniently disabled if desired, allowing data field only par- 
ity checking. If either the data or address demonstrates a 
parity error, then the parity error output flag is set. The polar- 
ity of the error output flag facilitates emitter dot ORing sev- 
eral error outputs for minimal delay. The parity checking fea- 
ture is benign in the sense that if parity checking is not 
desired, the output can simply be ignored without detrimen- 
tal effects to normal operation. 


SERIAL SCAN DIAGNOSTICS REGISTERS 


Another convenient feature provided on-chip is the scan di- 
agnostics register. For system designs where scan diagnos- 
tics are included, this device allows observing the state of 
the input registers (scan out) and forcing the state of the 
input and output registers (scan in). For writable control 
store applications the control store can be loaded via the 
serial channel (scan in), simplifying circuit board layout by 
eliminating the wide parallel data input bus structure. For 
systems where scan diagnostics are not desired, the scan 
enable input can simply be left open allowing the on-chip 
pulldown device to disable scan functions and provide nor- 
mal SRAM functionality. 


PIPELINE CONTROL 


Yet a third convenient feature is the clock enable input. This 
control simplifies starting and stopping pipeline operations 
in pipelined systems. It reduces, and may eliminate, the 
need to gate the clock signal external to the RAM. This 
feature is also benign since the on-chip pulldown device will 
ensure normal operation if the clock enable is not used. 


MODEST POWER CONSUMPTION 


Modest power consumption is achieved without compromis- 
ing device speed through very unique and innovative circuit 
design techniques (patents applied for). Power consumption 
is predominately dependent on clock frequency (1/cycle 
time) allowing a reduction in power at lower operating fre- 
quency. 


F100K COMPATIBLE I/O 


The device is |/O compatible with standard temperature 
compensated F100K ECL logic, allowing trouble free inter- 
facing in high performance ECL systems. 
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Section 6 Contents 


PAL10/10016P8 ECL Programmable Array Logic 

PAL10/10016P8-3 3 ns ECL ASPECT Programmable Array Logic (DIP) 
PAL10/10016PE8-3 3 ns ECL ASPECT Programmable Array Logic (PLCC) 
PAL10/10016P4A 4 ns ECL Programmable Array Logic 
PAL10/10016P4-2 2 ns ECL ASPECT Programmable Array Logic (DIP) 
PAL10/10016C4-2 2 ns ECL ASPECT Programmable Array Logic (PLCC) 
PAL10/10016RD8 ECL Registered Programmable Array Logic 
PAL10/10016RM4A ECL Registered Programmable Array Logic 

FGA Series ASPECT ECL Gate Arrays 





National 
Semiconductor 


PAL10/10016P8 
ECL Programmable Array Logic 


General Description 


The PAL1016P8/10016P8 is the first member of an ECL 
programmable logic device family possessing common 
electrical characteristics, utilizing an easily accommodated 
programming procedure, and produced with National Semi- 
conductor's advanced oxide-isolated process. This family 
includes combinatorial, and registered output devices. 


These devices are fabricated using National’s proven Ti-W 
(Titanium-Tungsten) fuse technology to allow fast, efficient, 
and reliable programming. 


This family allows the designer to quickly implement the de- 
fined logic function by removing the fuses required to prop- 
erly configure the internal gates and/or registers. Product 
terms with all fuses removed assume a logical high state. All 
devices in this series are provided with an output polarity 
fuse that, if removed, will permit any output to independently 
provide’ a logic low when the equation is satisfied. When 
these fuses are intact the outputs provide a logic true (most 
positive voltage level) in response to the input conditions 
defined by the applicable equation. All input and |/O pins 
have on-chip 50 kQ pull-down resistors. 


Ordering Information 


-PAL 10 16 P 


Fuse symbols have been omitted from the logic diagrams to 
allow the designer use of the diagrams to create fuse maps 
representing the programmed device. 

All devices in this family can be programmed using conven- 
tional programmers. After the device has been programmed 
and verified, an additional fuse may be removed to inhibit 
further verification or programming. This “security” feature 
can provide a proprietary circuit which cannot easily be du- 
plicated. . 


Features 

@ tpp = 6 ns max 

m Eight combinatorial outputs with programmable polarity 
m Programmable replacement for conventional ECL logic 
m@ Both 10KH and 100K I/O compatible versions 

& Simplifies prototyping and board layout. 

@ 24-pin thin DIP packages. 

m Programmed on conventional TTL PLD programmers 
m Security fuse to prevent direct copying 

@ Reliable titanium-tungsten fuses 


Programmable Array Logic 
Family 


ECL I/O Compatibility 
10 = 10KH 
100 = 100K 


Number of Array Inputs 


Output Type 
P = Programmable Polarity 


Number of Outputs 


Package. 
J = 24-Pin Ceramic DIP 


Temperature Range 

C = Commercial: 
0°C to + 75°C for 10KH 
O°C to + 85°C for 100K 
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ECL PAL10/10016P8-3 


National 
Semiconductor 


PAL10/10016P8-3 (DIP Only) 


PRELIMINARY 


3 ns ECL ASPECT™ Programmable Array Logic 


General Description 


The PAL10/10016P8-3 is a member of the National Semi- 
conductor 28-pin high speed ECL PAL® family. This device 
utilizes National Semiconductor’s ASPECT (Advanced Sin- 
gle Poly Emitter Coupled Technology) process with.a newly 
developed tungsten fuse technology to provide the highest- 
speed user-programmable replacements for conventional 
ECL SSI-MSI logic with significant chip-count reduction. The 
JEDEC fuse-map format and programming algorithm of this 
device is compatible with those of all prior ECE PAL prod- 
ucts from National. 


Programmable logic devices provide convenient solutions 
for a wide variety of applications—specific functions, includ- 
ing random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec- 
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro- 
totyping and design iterations can be performed quickly us- 
ing these off-the shelf products. 

The PAL10/10016P8-3 logic array has a total of 16 comple- 
mentary input pairs, 64 product terms and 8 programmable 
polarity output functions. Each output function is the OR- 
sum of 8 product terms. Each product term is satisfied when 
all array inputs which are connected to it (via intact fuses) 
are in the correct state as defined by the equation for. that 


Ordering Information 


Programmable Array Logic Family 


ECL I/O Compatibility: 
10 = ECL10KH 
100 = ECL 100K 


Number of Array Inputs 


Output Type: 
P = Programmable Polarity 


Number of Outputs 
Speed Version: —3 = 3nstpp 
Packaging: 


N = 24-Pin Plastic DIP 
J = 24-Pin Ceramic DIP 


*Note: For PLCC see PAL10/10016PE8-3 


Temperature Range: 
C = Commercial: 
0°C to + 75°C for 10KH 
0°C to + 85°C for 100K 
M = Extended (Military): 
—55°C to + 125°C for 10KH 
0°C to + 125°C for 100K 


PAL 100 16 P 8 -3 JN © 


product term. Each output function is provided with output 
polarity fuses. These fuses permit the designer to configure 
each output independently to produce either a logic high (by 
leaving the fuse intact) or a logic low (by programming the 
fuse) when the equation defining that output is satisfied. 
Programming equipment and software make PAL design de- 
velopment quick and easy. Programming is accomplished 
using TTL voltage levels and is therefore supported by in- 
dustry standard TTL PLD programmers. After programming 
and verifying the logic array, an additional security fuse may 
be programmed to prevent direct copying of epee log- 
ic designs. 


Features 

@ High speed: tpp = 3 ns max 

ws Programmable replacement for ECL logic 

m Both 100K and 10 KH I/O compatible versions 

@ Ejght output functions with programmable polarity 

m@ Improved programmability tungsten fuses 

™ Security fuse to prevent direct copying 

m@ Programmed on conventional TTL PLD programmers 
m@ Fully supported by PLANT software 

@ Commercial and Military ranges 


Block Diagram 
PAL10/10016P8-3 


TL/L/10714-1 





National 
Semiconductor 


PRELIMINARY 


PAL10/10016PE8-3 (PLCC Only) 
3 ns ECL ASPECT™ Programmable Array Logic 


General Description 


The PAL10/10016PE8-3 is a member of the National Semi- 
conductor 28-pin high speed ECL PAL® family. This device 
utilizes National Semiconductor's ASPECT (Advanced Sin- 
gle Poly Emitter Coupled Technology) process with a newly 
developed tungsten fuse technology to provide the highest- 
speed user-programmable replacements for conventional 
ECL SSI-MS! logic with significant chip-count reduction. The 
JEDEC fuse-map format and programming algorithm of this 
device is compatible with those of all prior ECL PAL prod- 
ucts from National. 


Programmable logic devices provide convenient solutions 
for a wide variety of applications—specific functions, includ- 
ing random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec- 
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro- 
totyping and design iterations can be performed quickly us- 
ing these off-the shelf products. 


The PAL10/10016PE8-3 logic array has a total of 16 com- 
plementary input pairs, 64 product terms and 8 programma- 
ble polarity output functions. Each output function is the OR- 
sum of 8 product terms. Each product term is satisifed when 
all array inputs which are connected to it (via intact fuses) 
are in the correct state as defined by the equation for that 


Ordering Information 


Programmable Array Logic Family 


ECL !/0 Compatibility: 
10 = ECL 10KH 
100 = ECL 100K 


Number of Array Inputs 


Output Type: 
PE = Expanded Programmable 
Polarity (No I/O Pins/PLCC 
only) 


Number of Outputs 
Speed Version: —3 = 3ns tpp 


Packaging: V = 28-Pin PLCC 
Note: For DIP see PAL10/10016P8-3 
datasheet 


Temperature Range: 
C = Commercial: 
0°C to + 75°C for 10KH 
0°C to + 85°C for 100K 


PAL 100 16 PE 8 —3 V C 


product term. Each output function is provided with output 
polarity fuses. These fuses permit the designer to configure 
each output independently to produce either a logic high (by 
leaving the fuse intact) or a logic low (by programming the 
fuse) when the equation defining that output is satisfied. 
Programming equipment and software make PAL design de- 
velopment quick and easy. Programming is accomplished 
using TTL voltage levels and is therefore supported by in- 
dustry standard conventional TTL PLD programmers. After 
programming and verifying the logic array, an additional se- 
curity fuse may be programmed to prevent direct copying of 
proprietary logic designs. 


Features 

m@ High speed: tpp 3 ns max 

Full 28-pin function (all pins used) 

m Programmable replacement for ECL logics 

m@ Both 100K and 10 KH I/O compatible versions 

@ Eight output functions with programmable polarity 

m Security fuse to prevent direct copying 

m Fully supported by PLAN and other industrial software 
m@ High density-high performance 28-pin PLCC package 


Block Diagram 
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ECL PAL10/10016P4A 


National 
Semiconductor 


PAL10/10016P4A 
4ns ECL Programmable Array Logic 


General Description 


The PAL1016P4A and PAL10016P4A are members of the 
National Semiconductor ECL PAL® family. The PAL10/ 
10016P4A is a functional subset of the PAL10/10016P8 
(6 ns tpd) and is compatible in pinout, JEDEC map format, 
and programming algorithm. The ECL PAL family utilizes 
National Semiconductor’s advanced oxide-isolated process 
and proven Titanium-Tungsten (Ti-W) fuse technology to 
provide user-programmable logic to replace conventional 
ECL SSI/MSI gates and flip-flops. Typical chip count reduc- 
tion gained by using PAL devices is greater than 4:1. 


This family allows the systems engineer to customize his 
chip by opening fuse links to configure AND and OR gates 
to perform his desired logic function. Complex interconnec- 
tions that previously required time-consuming layout are 
thus transferred from PC board to silicon where they can 
easily be modified during prototype checkout or production. 


The PAL transfer function is the familiar sum-of-products 
implemented with a single array of fusible links. The PAL 
device incorporates a programmable AND array driving a 
fixed OR array. The AND term logic matrix incorporates 16 
complementary inputs and 32 product terms. The 32 prod- 
uct terms are grouped into four OR functions with eight 
product terms each. All devices in this series are provided 
with output polarity fuses. These fuses permit the designer 
to configure each output independently to provide either a 
logic true (by leaving the fuse intact) or a logic false (by 
programming the fuse) when the equation defining that out- 
put is satisfied. 


Product terms with all fuses programmed assume a logical 
high state, while product terms connected to both the true 


Ordering Information 


and complement of any input assume a logical low state. All 
product terms in an unprogrammed part are logically low. 
Fuse symbols have been omitted from the logic diagrams to 
allow the designer use of the diagrams for logic editing. 
These ECL PAL devices may be programmed on many PLD 
programmers. Programming is accomplished using TTL 
voltage levels. Once programmed and verified, an additional 
fuse may be programmed to disable further verification. This 
feature gives the user a proprietary circuit which is difficult 
to copy. 


Features 
m High speed: 
Combinatorial outputs 

tpd = 4 ns max 
m Both 10 KH and 100K I/O compatible versions 
m@ Four output functions; sixteen dedicated inputs 
a Individually programmable polarity for all logic outputs 
m Reliable titanium-tungsten fuses 
m Security fuse to prevent direct copying 
m@ Programmed on many PLD programmers 
m Fully Supported by PLANT Software 
m Packaging: 

24-pin thin DIP (0.300” ) 

24-pin QUAD CERPAK 


Applications 
= Programmable replacement for ECL logic 
m Address or instruction decoding 


The device number is used to form part of a simplified purchasing code where a package type and temperature range are 


defined as follows: 


Programmable Array Logic Family 
ECL |/O Compatible 

10 = 10 kH 

100 = 100k 


Number of Array inputs 
Output Type 
P = Combinatorial with Programmable Polarity 
Number of Outputs 
Speed Range 
No Symbol = Standard Speed (6 ns) 
A = High Speed (4 ns) 
Package 
J = Ceramic DIP 
W = Quad Cerpack 
Temperature Range 
C = O°Cto + 75°C for 10 kH 
0°C to + 85°C for 100k 





National 
Semiconductor 


PAL10/10016P4-2 (DIP Only) 


PRELIMINARY 


2ns ECL ASPECT™ Programmable Array Logic 


General Description 


The PAL10/10016P4-2 is a member of the National Semi- 
conductor 28-pin high speed ECL PAL® family. This device 
utilizes National Semiconductor’s ASPECT (Advanced Sin- 
gle Poly Emitter Coupled Technology) process with a newly 
developed tungsten fuse technology to provide the highest- 
speed user-programmable replacements for conventional 
ECL SSI-MSI logic with significant chip-count reduction. The 
JEDEC fuse-map format and programming algorithm of this 
device is compatible with those of all prior ECL PAL prod- 
ucts from National. 


Programmable logic devices provide convenient solutions 
for a wide variety of application-specific functions, including 
random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec- 
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro- 
totyping and design iterations can be performed quickly us- 
ing these off-the-shelf products. 


The PAL10/10016P4-2 logic array has a total of 16 comple- 
mentary input pairs, 32 product terms and 4 programmable 
polarity output functions. Each output function is the OR- 
sum of 8 product terms. Each product term is satisfied when 
all array inputs which are connected to it (via intact fuses) 
are in the correct state as defined by the equation for that 


Block Diagram Patio/10016P4-2 


Veg = 12, Veo = 24, Veco (5, 7) = 6 
Voco (18, 20) = 19 
Pinout applies to 24-pin DIP 


product term. Each output function is provided with output 
polarity fuses. These fuses permit the designer to configure 
each output independently to produce either a logic high (by 
leaving the fuse intact) or a logic low (by programming the 
fuse) when the equation defining that output is satisfied. 
Programming equipment and software make PAL design de- 
velopment quick and easy. Programming is accomplished 
using TTL voltage levels and is therefore supported by in- 
dustry standard TTL PLD programmers. After programming 
and verifying the logic array, an additional! security fuse may 
be programmed to prevent direct copying of proprietary log- 
ic designs. , 


Features 

w Highest speed: tpep = 2.5 ns max 

@ Programmable replacement for ECL logic 

m Both 100K and 10 KH I/O compatible versions 

m Four output functions with programmable polarity 

g@ Improved programmability tungsten fuses 

m Security fuse to prevent direct copying 

m Programmed on conventional TTL PLD programmers 
m@ Fully Supported by PLANT Software 

= Commercial and Military ranges 


TL/L/10711-1 
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ECL PAL10/10016C4-2 


National 
Semiconductor 


PRELIMINARY 


PAL10/10016C4-2 (PLCC Only) 
2ns ECL ASPECT™ Programmable Array Logic 


General Description 


The PAL10/10016C4-2 is a member of the National Semi- 
conductor 28-pin high speed ECL PAL® family. This device 
utilizes National Semiconductor’s ASPECT (Advanced Sin- 
gle Poly ECL Technology) Process with a newly developed 
tungsten fuse technology to provide the highest-speed user- 
programmable replacements for conventional ECL SSI-MS! 
logic with significant chip-count reduction. The JEDEC fuse- 
map format and programming algorithm of this device is 
compatible with those of all prior ECL PAL products from 
National. 

Programmable logic devices provide convenient solutions 
for a wide variety of application-specific functions, including 
random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec- 
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro- 
totyping and design iterations can be performed quickly us- 
ing these off-the-shelf products. 

The PAL10/10016C4-2 logic array has a total of 16 comple- 
mentary input pairs, 32 product terms and 4 complementary 
output functions. Each output function is the OR-sum of 8 
product terms. Each product term is satisfied when all array 
inputs which are connected to it (via intact fuses) are in the 
correct state. Complementary outputs eliminate the need 


Ordering Information 


for external inverters and allow for more convenient output 
OR-tying. They are also suitable for differential sensing for 
increased noise immunity. All input pins have on-chip 50 kn 
pull-down resistors. 

Programming equipment and software make PAL design de- 
velopment quick and easy. Programming is accomplished 
using TTL voltage levels and is therefore supported by sev- 
eral conventional TTL PLD programming units. After pro- 
gramming and verifying the logic array, an additional securi- 
ty fuse may be programmed to prevent direct copying of 
proprietary logic designs. 


Features 
Highest speed: tpp = 2 ns max 
Full 28-pin function 
Programmable replacement for ECL logic 
Both 100K and 10 KH I/O compatible versions 
Four output functions with complementary outputs 
@ Improved programmability tungsten fuses | 
m Security fuse to prevent direct copying 
m Programmed on conventional TTL PLD programmers 
mw Fully Supported by PLAN™ Software 
& High density-High performance 28-pin PLCC package 


Block Diagram . 


Programmable Array Logic Family 


ECL I/O Compatibility: 
10 = ECL 10 KH 
100 = ECL 100K 


Number of Array Inputs 


Output Type: 


PAL10/10016C4-2 


C = Complementary 
P = Programmable Polarity 


Number of Outputs 


Speed Version: —2 = 2nstpp 


Packaging: V = 28-Pin PLCC 
* Note: For DIP see PAL10/10016 


P4-2 datasheet. 


Temperature Range: 

C = Commercial: 
0°C to + 75°C for 10 KH 
0°C to + 85°C for 100K 


TL/L/10454- 
Vee = 14, Voc = 28, Veco (5, 6, 8, 9) = 7 
Voco (21, 22, 24, 25) = 23 
Pinout applies to 28-pin PLCC 





National 
Semiconductor 


PAL10/10016RD8 ECL Registered 


Programmable Array Logic 


General Description 


The registered ECL PAL10/10016RD8 is offered in 10KH or 
100K compatible versions. A maximum propagation delay of 
6 ns (input to output) characterizes the performance of this 
ECL PAL® series. The ECL PAL family utilizes National 
Semiconductor's advanced oxide-isolated process and 
proven Titanium Tungsten (Ti-W) fuse technology to provide 
user-programmable logic to replace conventional ECL SSI/ 
MSI gates and flip-flops. Typical chip count reduction gained 
by using PAL devices is greater than 4:1. 


This family allows the system engineer to customize the 
chip by opening fuse links to configure AND and OR gates 
to perform the desired logic function. Complex interconnec- 
tions that previously required time-consuming layout are 
thus transferred from PC board to silicon where they can 
easily be modified during prototype checkout or production. 


The PAL transfer function is the familiar sum-of-products 
implemented with a single array of fusible links. The PAL 
device incorporates a programmable AND array driving a 
fixed OR array. The AND term logic matrix incorporates 16 
complementary inputs and 64 product terms. The 64 prod- 
uct terms are grouped into eight OR functions with eight 
product terms each. All devices in this family are provided 
with output polarity fuses. These fuses permit the designer 
to configure each output independently to produce either a 
logic high (by leaving the fuse intact) or a logic low (by pro- 
gramming the fuse) when the equation defining that output 
is satisfied. In addition, the ECL PAL family offers these 
options: 

© Output registers 

¢ Dual (split) clocks 

Product terms with all fuses programmed assume a logical 
high state, while product terms connected to both the true 
and complement of any input assume a logical low state. All 
product terms in an unprogrammed part are logically low. All 
input and I/O pins have on-chip 50 kf pull-down resistors. 
Registers consist of D-type flip-flops which are loaded in 
response to the low-to-high transition of the clock input(s). 


Fuse symbols have been omitted from the logic diagrams to 
allow the designer use of the diagrams for logic editing. 


These ECL PAL devices may be programmed on several 
TTL PLD programmers. Programming is accomplished with 
TTL voltage levels. Once the PAL is programmed and veri- 
fied, an additional security fuse may be programmed to de- 
feat verification. This feature gives the user a proprietary 
circuit which is difficult to copy. 


Features 
m@ High speed: 
Combinatorial outputs 
tpd = 6 ns max 
Registered outputs 
tsu = 5 ns min 
tok = 3.5 ns max 
fmax = 117 MHz max 
Both 10 KH and 100K I/O compatible versions 
Eight output functions with feedback; eight dedicated 
inputs 
Eight registered outputs 
Individually programmable polarity on all logic outputs 
Output enable gate on all registered outputs 
Reliable Titanium Tungsten fuses 
Security fuse to prevent direct copying 
Programmed on conventional TTL PLD programmers 
Fully Supported by PLAN™ Software 
Packaging: 
24-pin thin DIP (0.300”) 
24-pin QUAD CERPAK 


Applications 

m Programmable replacement for ECL logic 
m Programmable state machine 

@ Address or instruction decoding 
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ECL PAL10/10016RM4A 


National 
Semiconductor 


PAL10/10016RM4A 


ECL Registered Programmable Array Logic 


General Description 


The PAL10/10016RM4A is a member of the National Semi- 
conductor ECL PAL® family. The ECL PAL Series-A is char- 
acterized by 4 ns maximum propagation delays (combinato- 
rial input-to-output). The pinout, JEDEC fuse-map format 
and programming algorithm of these devices are compatible 
with those of all prior ECL PAL products from National. Se- 
ries-A ECL PAL devices are manufactured using National 
Semiconductor’s advanced oxide-isolated process with 
proven titanium-tungsten fuse technology to provide high- 
speed user-programmable replacements for conventional 
ECL SSI/MSI logic with significant chip-count reduction. 


Programmable logic devices provide convenient solutions 
for a wide variety of application-specific functions, including 
random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec- 
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro- 
totyping and design iterations can be performed quickly us- 
ing these off-the-shelf products. 


The PAL10/10016RM logic array has a total of 16 comple- 
mentary input pairs, 32 product terms and four output func- 
tions; each output function is the OR-sum of 8 product 
terms. The 16RM4A provides an edge-triggered D-type reg- 
ister on each of its four outputs. Registers allow the PAL 
device to implement sequential logic circuits. Polarity fuses 
allow each output to be active-high or active-low. 


Ordering Information 


The device number is used to form part of a simplified pur- 
chasing code where a package type and temperature range 
are defined as follows: 
Programmable Array Logic Family 
ECL !/O Compatibility: 
10 = 10kH 
100 = 100K 
Number of Arrays 
Output Type: 
RM = Registered with Multiple Clocks 
Number of Registered Outputs 
Speed/Power Version: 
No Symbol = 6 ns tpp 
A= 4nstpp 
Package: 
J = 24-Pin Ceramic DIP 
W = 24-Pin Quad Cerpak 
Temperature Range: 
C = Commercial: 
0°C to + 75°C for 10 kH, 
0°C to + 85°C for 100k 
PAL1016RM4AJC 


Programming equipment and software make PAL design de- 
velopment quick and easy. Programming is accomplished 
using TTL voltage levels and is therefore supported by sev- 
eral conventional TTL PLD programming units. After pro- 
gramming and verifying the logic array, an additional securi- 
ty fuse may be programmed to prevent direct copying of 
proprietary logic designs. 


Features 
@ High speed: 
tsu = 3 ns min 
tcLK = 2 ns max 
fax = 200 MHz max (registered) 
tpp = 4 ns max (combinatorial) 
Programmable replacement for ECL SSI/MSI logic 
Both 10 KH and 100K I/O compatible versions 
Four registered output functions with I/O pin feedback; 
twelve dedicated inputs 
Individually programmable polarity on all logic outputs 
Reliable Titanium Tungsten fuses 
Security fuse to prevent direct copying 
Programmed on conventional TTL PLD programmers 
Fully Supported by PLANT Software 
-Packaging: 
24-pin thin DIP (0.300”) 
24-pin Quad Cerpak 


Block Diagram 


TL/L/9772-2 
Vee = 12, Voc = 24, Veco (5,7) = 6, Veco (18,20) = 19 
Pinout applies to 24-pin DIP. 





National 
Semiconductor 


FGA Series ASPECT™ ECL Gate Arrays 


General Description 


The FGA Series is a new generation of ECL gate arrays 
based on National’s ASPECT process. These advanced 
ECL gate arrays, ranging from 200 to over 30,000 equiva- 
lent gates, offer typical internal propagation delays of 
150 ps and consume thirty percent less power than conven- 
tional ECL arrays. (Refer to Table |.) 


With system clock frequencies up to 1.2 GHz, the speed 
domain of Gallium Arsenide, FGA Series gate arrays are 
especially well-suited for such high-performance applica- 
tions as mainframe and supermini computers, fiber-optic 
communications, and many military and aerospace systems. 


With only interna! cells and !/O cells, FGA Series arrays are 
easy to use. Designers can implement logic using two-level 
or three-level series gating circuit structures within an array, 
with no complex signal mixing rules required. An extensive 
macro library, common to all FGA Series arrays, contains 
more than eighty SSI/MSI logic functions and 36 supporting 
1/O macros. In addition, internal macros may be grouped to 
form re-usable ‘‘soft macros” with even greater functional 
complexity. 

All FGA Series gate arrays feature CAD-programmable 
speed/power options that allow the designer to maximize 
performance by individually assigning the switching speed 
and output drive currents for each internal macro. The 
speed/power feature provides maximum ECL speed where 
needed, yet allows overall chip power to remain at air-coola- 
ble levels. On-chip termination to —2V for the internal out- 
put emitter followers further reduces power consumption. 
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All FGA Series products interface with ECL 100K, ECL 10K 
and ECL 10KH components, and, except for the FGA200, 
FGA14000, FGA14040R, and FGA30000, are fully FAST®/ 
TTL compatible. The TTL interface eliminates requirements 
for separate off-chip signal converters in mixed logic level 
systems, thereby resulting in reduced board space and cost, 
as well as avoiding the performance and reliability penalties 
associated with off-chip signal converters. 

In addition to providing superior speed/power performance 
with high density, the ASPECT process is scalable to sub- 
micron dimensions. FGA Series arrays are designed to ac- 
commodate multiple ASPECT process generations to allow 
designs implemented today to migrate to tomorrow’s arrays 
based on future ASPECT processes. 


Features 

og New generation ECL gate arrays with complexity to 
30,000 equivalent logic gates 

Manufactured with 1.5-micron ASPECT process 
CAD-programmable speed/power options 

150 ps typical internal delay 

Flexible array architecture with only two cell types: 
Internal cells and |/O cells 

F100K, 10K or 10KH ECL-compatible I/Os 

Mixable ECL/TTL I/Os 


Allows large number of simultaneously switching 
outputs 
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FIGURE 1. FGA Series Gate Array 


Note 1: FGA150, 600, 1300, 4000 and 15000 offer mixable ECL/TTL I/Os. 





Salas VOI 


FGA Series 


Absolute Maximum Ratings (note 1) 


\f Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature (TstG) —65°C to + 150°C 
Maximum Junction Temp. (Ty) + 150°C 
Case Temp. under Bias (Tc) — 55°C to + 125°C 
Vee Pin Potential to 

Voc Pins (Vax) 
Input Voltage (DC) (Vj) 
Output Current (DC Output HIGH) (Io) 
Operating Range ECL (Vee) 
Operating Range TTL (Vtt1) 


—7.0V to +0.5V 
Vee to (Vcc + 0.5V) 
—50 mA 

—§.7V to —4.2V 
4.5V to 5.5V 


Power Supply Requirements 


Note: Stresses greater than those listed in “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


DC Specifications 


All FGA Series gate arrays operate from a standard ECL 
power supply and an additional —2V supply (V7) which 
terminates internal cell emitter followers to reduce power 
consumption. With F100K inputs and outputs, the FGA se- 
ries is designed to operate from a standard 100K power 
supply, although a standard 10K power supply may be used 
instead. When used for mixed ECL/TTL operations, an ad- 
ditional power supply is required. The following table pro- 
vides the power requirements for each allowable interface 
configuration. 


Arrays 


Vec (V) Vrr (V)(Note 2) Vee (V) Vttz (V) 
GND 1.9 to —2.1 oe ee eee 


—1.9 to -—2.1 —4.7 to —5.7 
4.5 to 5.5 


—-1.9to —2.1 —4.2 to —5.7 
—1.9to -2.1 —4.7 to -5.7 


F100K/TTL 
F10K/TTL 


GND Except FGA200, 
FGA14000, FGA14040R 


and FGA 30000 


4.5 to 5.5 


Pseudo TTL 


F100K ECL DC Characteristics 


Vee = —4.5V, Vit = —2V, Voc = Voca = GND, Ty = —10°C to + 125°C (Note 3) 


Output LOW Voltage 


Vin (Note 5) 
Vit (Note 5) 


Note 1: Unless otherwise specified contractually. 
Note 2: For internal cell output emitter follower termination to save power. 
Note 3: Equilibrium temperature 


| vm | Wm-ator | ano | 





4.75 to 5.25 


Input HIGH Voltage Guaranteed HIGH Signal for All Inputs —1125 | | 880. | 
Input LOW Voltage _| Guaranteed LOW Signal for Alll Inputs -i81i0 | «|: - 1520 


Note 4: Conditions for testing are chosen to guarantee operation under worst case conditions. 
Note 5: Forcing one input at a time. Apply Vin (max) OF ViL (min) to all other inputs. 
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F10K ECL DC Characteristics ve; = —5.2v, Vir = —2V, Voc = Voca = GND 


Parameter Conditions Junction Temperature Units 


S$ Vdd 


Solis 


ee ec 
Vou Max | -eo7_ | -ee | -t0 | - 702 
You Min Vi = Vi Max 
Vou Max Vit = Vi Min 
Vou Min | -1920 | -1920 | 1920 | -1920 | 
ViwMax(notot) | | 888 | -a58 | 810 |= 798 
Vumin(otot) | |= 1920 | ~1920 | - 1920 |= 1920 | 
ViwaMin(Notet) | | =t200 | =ttze | mst |= 1008 | 
VuaMax(notet) | | =t604 | ~1567_ | -1520 |= 1440 | 


TTL DC Characteristics over Operating Temperature Range 
Voc = 5V +5%, Ty = —10°C to +125°C 


| Parameter | Conations | in | Typ | Max 
| OutputHiGHVotage | ton = -400uA | Voo=4.76v | a7 | a0 | — | 
| OutputLowVvoltage | lon = 8.0ma/20mA | Voo=475v | — | 0.25 | 08 | 
[inputHiGHVottege | | | 
| inputtowvotage | = | | 0 


Input HIGH Current (Note 2) Voc = 5.25V, Vin = 2.4V eel See, 3 aoe 
Input LOW Current (Note 2) Voc = 5.25V, Vin = 0.4V oer Ill ae aoe | 
Output OFF Current HIGH Voc = 5.25V, Vout = 2.4V f eee (ls pee |. 





Output OFF Current LOW Voc = 5.25V, Vout = 0.4V fe el eee ame | 


Output Off Short Circuit Current 8/20 mA Driver Voc = 5.25V 
—15 
(Note 3) Vout = 0 


Note 1: Forcing one input at a time. Apply Vy (max) or Vi_ (min) to all other inputs. 


Note 2: Current per input. 
Note 3: Not more than one output should be shorted at a time. Output should not be shorted for more than one second. 








6-13 


FGA Series 


FGA Series ECL Gate Array Family 


TABLE I. The FGA Gate Array Series 


Description | FGA0150 | FGA0200 |FGA0600|/FGA1300|FGA4000|FGA14000| FGA14040R |FGA15000|FGA30000 


Gates 

Internal 2624 Plus 

Cells (MAU) po | os | wo | se see Bees sine | we ee 

ae eae 150PS 150PS 150PS | 150PS | 150PS | 150PS | 150PS | 150PS | 150PS 

Speedy Powe Yes Yes Yes Yes Yes ' Yes Yes Yes 

Options 

100K/1 OKs OKH Yes Yes Yes Yes Yes Yes Yes Yes 

Compatible 

ECL/TTL 

Mixed I/O 2 | «© | «| | m] o | o | wm 
ee 


ECL Only I/O 


256 
Power/Ground | 6 | 6 | 12 | 40 | 48 | se | 56 | 72 | 56 
Typical 0.5-1.0 0.5-1.0 | 0.5-1.5 3-6 | 10-20 10-20 | 15-30 
Power (W) 

Standard 16, 24 16, 24 aapoc | 109PGA | 173PGA 

Packages | Metal Flat Metal Flat 116LDCC|172LDCC] 323PGA | 323PGA | 303PGA | 323PGA 


Available 


*Maximum of 48 I/O 
**Maximum of 64 I/O 





Such resistors exhibit low junction capacitance, making 
ASPECT Process them ideal passive elements for high-speed logic circuits. 
An important feature is the self-aligning process used in 
ASPECT gate arrays. This insensitivity to misalignment 
makes ASPECT a high-yield process and enables the move 
to smaller geometries with less difficulty than conventional 
bipolar processes. 


FGA Series arrays use a National proprietary process called 
ASPECT which uses conservative 1.5-micron design rules 
to achieve VLSI density and 150 ps typical internal gate 
delays at thirty percent of conventional ECL power con- 
sumption levels. 

ASPECT is the first bipolar process to use polysilicon for 
emitter and base structures. Polysilicide serves as a source H H 

of impurities for both the emitter and the base. This permits Array Organization ' : 

the fabrication of extremely shallow (500A below the sur- Electrical components (transistors, resistors, diodes and ca- 
face) emitters and narrow base regions. The combination of pacitors) are organized into repeating structures called 
shallow emitters and base leads to transistors with a very cells, Macros, which are the basic building blocks of gate 


high switching speed. ASPECT also uses polysilicon resis- array logic design, are built by interconnecting the compo- 
tors. nents in one or more cells. 
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Array Organization (continued) 


The FGA Series employs only two cell types: internal cells 
and I/O cells. The internal cells are the workhorses of the 
array, where most of the circuit logic is implemented. All 
signals going to or coming from the outside world must exit 
or enter the array through an I/O cell. Since all signal level 
conversions are performed in the I/O cells, no signal mixing 
takes place within the array, thus simplifying the design ef- 
fort. Cell types and their functions are described in greater 
detail in the following paragraphs. 


The bonding pads are located around the periphery of the 
array. In addition to performing I/O functions, some of the 
pads are reserved for power and ground busses. Biasing 
occurs in dedicated routing channels and is optimally per- 
formed automatically by placement and routing CAD soft- 
ware. 


All FGA Series arrays employ three-layer metalization for 
signals and bussing. The first metal layer connects compo- 
nents within macros and makes horizontal connections be- 
tween macros. Layer two is primarily for vertical connec- 
tions between macros, while layer three contains most of 
the power bussing. Future versions of the ASPECT process 
may include four metal layers. In that case, first-layer metal 
would not be needed to connect macros, thus eliminating 
routing channels and increasing gate counts for a given die 
size. 


Internal Cell and Logic Complexity 


The basic internal cell in an FGA Series array is called a 
“minimum addressable unit”, or MAU. It is the smallest por- 
tion of the chip that a CAD system can access for placing or 
routing. 


The number of elements in this minimum cell is actually 
smaller than on any competing array. In fact, this small, 
compact cell structure, said to have a fine granularity, in- 
creases efficiency. In general, the larger the cell, the greater 
the likelihood that some cell resources go unused, thereby 
decreasing efficiency. 


Single-level, two-level, and three-level series gated ECL 
structures are used in FGA Series arrays to implement vari- 
ous logic functions. Series gating allows complex logic func- 
tions to be implemented with fewer gates while maintaining 
optimum performance. Additional logic complexity at no 
cost in cell utilization may be gained in internal cells by con- 
necting the outputs together (emitter dotting) to form wired- 
OR functions. , 


Speed/power options can be used to assign the current 
settings in each internal cell macro. This feature allows the 
designer to maximize speed when needed, yet minimize the 
power consumption. The termination of internal output emit- 
ter followers to a —2V internal bus further reduces power 
consumption. 


Typically, internal cell utilization of eighty-five percent is 
considered optimum. Designs can be completed with up to 
one-hundred percent utilization; however placement and 
routing at this level sometimes requires special interactive 
layout. 


The FGA Macro Library contains a number of physical mac- 
ros with MSl-level complexity. The final portion of this data 
sheet includes a representative sample of macros included 
in the FGA Series Macro Library. Full documentation for all 
macros, including specifications, can be found in the FGA 
Series Macro Library Reference Manual. 


1/O and Interface Capabilities 


1/O cells in the FGA Series are capable of performing input, 
output, transceiver logic and ECL/TTL conversion func- 
tions. The array’s I/O organization is flexible, with each sig- 
nal pad supported by a dedicated I/O cell. An incoming sig- 
nal can enter the internal array through any I/O cell and, 
after completing the logic implementation, can then exit the 
array through any I/O cell without restriction. 

The flexible functionality of individual {/O cells can be espe- 
cially useful in system applications requiring latched inputs 
and outputs. The ability of an FGA Series I/O cell to be 
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FGA Series 


1/0 and Interface Capabilities 
(Continued) 


configured as a latch saves having to use an internal cell for 
this function. In addition, although most ECL devices drive 
502 loads, I/Os can be paired to drive 252 loads. 


Each I/O cell offers a choice of signal termination options. 
For relatively short signal paths, designers may build series- 
terminated outputs, simplifying designs in systems where 
placing termination resistors on the board is not practical. 
To minimize noise, internal pull-down resistors are provided 
to keep unused inputs from floating. 


Either F100K, 10K, or 10KH interface capability is available 
on all FGA Series arrays. All input thresholds and logic lev- 
els must uniformly belong to the same ECL family. Likewise, 
the output interface must be the same as that used for input. 
With the exception of the FGA0200, FGA14000, 
FGA14040R and FGA30000, each I/O can also be a mixa- 
ble ECL/TTL I/O. This means that every I/O can be inde- 
pendently configured as either ECL or TTL. The TTL I/O is 
capable of producing totem-pole, open-collector, or three- 
state output levels. Figure 2 illustrates the acceptable inter- 
face options for FGA Series arrays. 


100K ECL => = 100K ECL 


1 or 10KH ECL 


10K or 10KH e.[—) 


ALL 
ARRAYS 


ALL EXCEPT 
FGA14000 
FGA14040R 
FGA0200 
FGA30000 


100K or 10K ECL o> 


mC» 
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FIGURE 2. Interface Capabilities 


Embedded RAM 


The embedded RAM block is a self-timing memory device 
with the capabilities of supporting various memory configu- 
rations, different bit select patterns, output power options, 
and different clock systems. The embedded RAM block 
contains 576 bits, and is organized as 64 words by 9 bits. 
There are 8 RAM blocks in the FGA14040R with the total of 
4608 bits. Each embedded RAM block has its own built-in 
decoder and control circuit, thus improving system perform- 
ance and reliability while saving board space. The embed- 
ded RAM has three modes of operation, Normal mode, 
Scan mode and Test mode. At high power operation, the 
typical access time is 3.75 ns and the worst case access 
time is 5 ns. Two output drive options, 0.6 mA and 1.2 mA, 
are available to support the driving capabilities of the em- 
bedded RAM. Note that the memory is called self-timed 
memory device because it generates and shapes its own 
write strobe internally. This pulse is generated off of the 
rising edge of the clock which is applied to the embedded 
RAM. 
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Speed/Power Options 


Speed/power options are a feature of all FGA Series gate 
arrays. This feature allows the designer to maximize speed 
where needed, yet minimize overall chip power consump- 
tion. 

Two sets of macros are available for each logic function in 
the FGA arrays, the standard macros and the double mac- 
ros (see Table IV). The double macros use two times as 
much current as standard macros, and are designed for use 
in the critical circuitry. These two macro types can be used 
interchangeably within the same chip. 


Essentially, speed/power options are used to assign one or 
two current values (high = 0.3 mA, low = 0.15 mA) to the 
current source which controls switching speed; and one of 
two current values (high = 0.6 mA, low = 0.3 mA) to the 
true and complement outputs for output drive currents. The 
latter setting permits zero power consumption for unused 
outputs. Figure 3 illustrates circuit options for each of the 
three settings. 


Voc Voc 


Vee 
nae 
RESISTORS z! ‘ZN’ 
CHANGED BY RESISTORS INDEPENDENTLY 
FUNCTIONAL 'PWR' CHANGED BY OUTPUT 
SPEED/POWER PULLDOWN SPEED/POWER 
ATTRIBUTE ATTRIBUTES 


TL/U/10560-6 
FIGURE 3. Speed/Power Options 


The speed/power options are assigned during schematic 
capture. Default values for each setting may be specified 
during schematic capture as well. Designers may use the 
speed/power options to fine tune the design after place- 
ment and routing simply by returning to schematic capture 
and reassigning values without having to repeat placement 
and routing. 


The examples in Table Ill illustrate how speed/power op- 
tions can affect propagation delay vs. power consumption at 
the macro level. Additional speed/power tradeoffs are listed 
in ‘Macro Performance Examples” later in this data sheet. 





Speed/Power Options (Continued) 
TABLE Ill. Macro Speed/Power Tradeoffs 


| Macro | Speed(ps) | Power(mW) _ 


TABLE IV. Current Setting of Speed/Power Options 


Current Standard Macro (S) Double Macros (D) 
ui High Speed High Speed 


| Source Current | 300 | 150 


OEF Current 


AC Specifications 


FGA Series macro propagation delays are specified as MIN, 
TYP, and MAX values, with variations due to process, power 
supply and temperature, as shown in the ‘AC Performance 
Variations” table. 


Macro Performance Examples 


The following pages contain performance specifications for 
some important internal cell macros. Complete information, 
including design rules and application notes, can be found 
in the FGA Series Design Manual and FGA Series Macro 
Library. 


FA21D One Bit Full Adder 
with Gates Inputs 
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PSCC NONE YOY 


AC Performance Variations 


Variation 
Type 


Temperature 15 
Voltage ~0 
Process 
Total 

Note 1; Minimum: Ty = 0°C, Veg = —4.8V, Best Case Process 


Note 2: Typical: Ty) = 25°C, Veg = —4.5V, Normal Process 
Note 3: Maximum: Ty = 125°C, Veg = —4.2V, Worst Case Process 


Derating from Typical (%) (Note 2) 


Minimum (Note 1) | Maximum (Note 3) 


Propagation Delay (units in ps) 


To High Power 
Output 


[min | typ | Max | min | typ | Max 


550 
640 
640 
760 
340 
400 
310 
330 
400 
450 
400 
450 
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Macro Performance Examples (continueq) 
Current in Base Macro 


poweraTT | win | tye [wor | 


HIGH 1.36 1.80 2.26 
LOW 0.92 1.20 1.52 
ITT (mA) 

HIGH 0.21 0.30 0.39 
LOW 0.21 0.30 0.39 


Current in Macro Outputs 


Tpeverart | wn [ty | 


ITT (mA) 


HIGH 0.42 0.60 0.78 
LOW 0.21 0.30 0.39 















MXDI02—D Flip Flop with 
Multiplexed Data Inputs 


DS 
MXDI02 
SO [SNO 


Current in Base Macro 


HIGH ; 0.92 1.20 1.52 
LOW 0.68 0.90 1.14 


ITT (mA) 


HIGH 0.84 1.20 1.56 
LOW 0.84 1.20 1.56 
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IBF03X2(3) Input Buffer 


100 Z 
, ZL 
IBFO3X3 
TL/U/10560-8 


Propagation Delay (units in ps) 


Pree 


Z,ZL_/ 
Z, ZL \N 


ITT (mA) 


Propagation Delay (units in ps) 





Current in Macro Outputs 


| PoweraTt | min | typ | Max _| 


ITT (mA) 





HIGH 0.42 0.60 0.78 
LOW 0.21 0.30 0.39 


Macro Performance Examples (continued) 
HA01D—Half Adder Propagation Delay (units in ps) 


To 
sal [min {tye | ex { in | Tye | ates 


S8H9S WOd 


TL/U/10560-10 


Current in Base Macro Current in Macro Outputs 


| PowerarT | min | typ | Max _| Poweratt | min | typ | Max 


ITT (mA) 
HIGH 0.68 0.90 1.13 HIGH 0.42 0.60 0.78 
LOW 0.46 0.60 0.76 LOW 0.21 0.30 0.39 


OROSD—5 Input OR Gate Propagation Delay (units in ps) 


Z 


ORO5D Z,ZL_/ tn = 180 
TL/U/10560-11 Z, ZL 160 270 200 


Current in Base Macro Current in Macro Outputs 
IEE (mA) ITT (mA) for each macro output used: 


| Poweratr | Min | tye | Max | [ PowerarT | Min | Typ | Max | 


HIGH 0.45 0.60 0.75 oe 0.42 0.60 0.78 
LOW 0.23 0.30 0.38 0.21 0.30 0.39 


DFI01D—D Flip Flop with Reset Propagation Delay (units in ps) 


cu me Tae [ie fe [ee | 


Q ™N 300 380 550 680 


TL/U/10560-12 





FGA Series 


Macro Performance Examples (Continued) . 
Current In Base Macro Current in Macro Outputs 


| PoweraTt | min | typ [| Max | {| __Powerarr | min_| typ | Max _ 


HIGH 1.50 1.88 HIGH 0.42 0.60 0.78 
LOW 0.90 1.14 LOW (Note 1) 0.21 0.30 0.39 


ITT (mA) Note 4: Output Q Is hard wired to 0.6 mA current source and cannot be 


assigned power attributes. 
HIGH 0.84 
LOW 0.84 


MXI22D—2:1 Multiplexer Propagation Delay (units in ps) 


RS ese 


MXI22D 
TL/U/10560-13 


Current in Base Macro Current fn Macro Outputs 


| powerart | min | typ {| max | | Powerarr | min | typ | Max _| 


ITT (mA) 





HIGH 0.68 0.90 1.13 HIGH 0.42 0.60 0.78 
LOW 0.46 0.60 0.76 LOW 0.21 0.30 0.39 


IRCIO3X2 (3)—Differential Input Propagation Delay (units in ps) Current in Base Macro 
Buffer 


100 


100 


ZN 
IRCIO3X3 
TL/U/10560-14 


1ORI02X2—2 Input OR/NOR Gate 


lORIO2X2 
TL/U/10560-15 
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Macro Performance Examples (continued) 
IXOR02X2—2 Input XOR Gate Propagation Delay (units in ps) 
OTHE [See [te me 

B 
: a) ee), aan a 0 | 


IXORO2X2 
TL/U/10560-16 Current In Macro Outputs 
380 


Current In Base Macro 


sola 


RCRISOX3—Differential Output Propagation Delay (units in ps) 


Buffer 
|__| He 
Outputs 
FZ, FZN / | 400] 470 | 640 
FZ, FZN \_]| 300] 370] 500 
RCRISOX3 
TL/U/10560-17 


Propagation Delay (units in ps) 


To T 
Output Ai 
A 360 | 490 


290 
290 490 


RI2Z50X2 
eee 280 470 Current in Macro Outputs 


TL/U/10560-18 
ee win [tye ax 


| 238 | 280 | 322 | 
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FGA Series 


Macro Cells Library 


Internal Macros 


Name 


BUFFERS, INVERTERS 


BFO1 
BFI01 
RCRO1D 
RCR11D 
RCRIO1 
RCRNO1 


ANIO2 
OAI23D 
OAI23S 
OAI24 © 
OAI32DT 
OAI44D 
OAI44S 
OAI46 
OAI55DT 
OAI66DT 
ORO2 
OR02D 
OROS5 
OROS5D 
ORIO2 
ORI02D 
ORI02S 
ORIO5 
ORIO5D 
ORIOSS 
ORI08 
ORIO8D 
ORI012D 
ORNO2 
ORNO2D 
ORNO5 
ORNOS5D 
20R02D 
40R02S 
XORO4 
XOROQ 
XORIO3DT 
XORIO3ST 
XORI22D 
XORI22S 
XORI23 
XORNO4D 
XORNO4S 
XORNO6DT 


Buffer 

Buffer/Inverter 

Differential Receiver/Buffer 
Differential Receiver/Buffer 
Differential Receiver/Buffer 
Inverting Differential Receiver 


2-Input AND/NAND 

3-3 OR/AND—Invert 

3-3 OR/AND—Invert, 1.2 mA loef 
4-4 OR/AND—Invert 

2-2-2 OR/AND—Invert 
4-3-3-3 OR/AND—Invert 
4-3-3-3 OR/AND—Invert 
5-4-5-6 OR/AND—Invert 
5-4-3-2-1 OR/AND—Invert 
6-6-4-4-2-2 OR/AND—Invert 
2-Input OR 

2-Input OR 

5-Input OR 

5-Input OR 

2-Input OR/NOR 

2-Input OR/NOR 

2-Input OR/NOR 

5-Input OR/NOR 

5-Input OR/NOR 

5-Input OR/NOR, 1.2 mA loef 
8-Input OR/NOR 

8-Input OR/NOR 

12-Input OR/NOR 

2-Input NOR 

2-Input NOR 

5-Input NOR 

5-Input NOR 

Dual 2-Input OR, 0.6 mA loef 
Quad 2-Input OR, 1.2 mA loef 
4-Input XOR 

9-Input XOR 

3-Input XOR/XNOR 

3-Input XOR/XNOR, 1.2 mA loef 
Gated 2-Input XOR/XNOR 
Gated 2-Input XOR/XNOR, 1.2 mA loef 
Gated 2-Input XOR/XNOR 
4-Input XNOR 

4-Input XNOR, 1.2 mA loef 
6-Input XNOR 
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Macro Cells Library (continueg) 
Internal Macros (Continue) 


Name [| Function 


DECODERS, MULTIPLEXERS 


DCE02DT 2:4 Decoder with Enable 

DCE22 2:4 Decoder with Enable 

MX22 2:1 MUX 

MX34 4:1 MUX, 3 Select Inputs 

MxI02 2:1 MUX, Low Enable, OR Gated Select, Comp. Outputs 
MxX|02DT 2:1 MUX, Low Enable, Complement Outputs 

MxXI02ST 2:1 MUX, Low Enable, 1.2 mA loef 

MxI04 4:1 MUX, Low Enable, Complement Outputs 

MXI04DT 4:1 MUX, Complement Outputs 

MXIO8ST 8:1 MUX, High Enable, Comp. Outputs 1.2 mA loef 
Mx122 2:1 MUX, Low Enable, OR Gated Select, Comp. Outputs 
Mx!22D 2:1 MUX 

MX|24DT 4:1 MUX, Low Enable, Complementary Outputs 
2MX04DT Dual 4:1 Multiplexer 

2SELI04D Dual 4:1 Multiplexer 

4MxI22D Quad 2:1 Multiplexer 

4MxXl22S Quad 2:1 Multiplexer, 1.2 mA loef 


LATCHES, MUX LATCHES 


LAIO1 D Latch with Reset and 2-Input OR Enable 


FLIP-FLOPS 


2DFNO4 Dual D Flip-Flop with a Common Clock 

DFIO1 M/S D Flip-Flop with Asynchronous Reset 

DFI01D M/S D Flip-Flop with Asynchronous Reset 

DF102 M/S D Flip-Flop with Set, Reset, Gated Data & Clock 
DF1l02D M/S D Flip-Flop with Set, Reset, Gated Data & Clock 
DFI02DT M/S D Flip-Flop with Active Low Enable 

DFI04 M/S D Flip-Flop, Positive Edge Triggered 

DFI21 M/S D Flip-Flop with Asynchronous Reset 

DF122 M/S D Flip-Flop with Scan Input 

DFS0O2DT M/S D Flip-Flop with Scan Input 

DFS02ST M/S D Flip-Flop with Scan Input, 1.2 mA loef 
DFS21DT M/S D Flip-Flop with Scan Input, Data Enable 
DFS21ST M/S D Flip-Flop with Scan Input, Data Enable, 1.2 mA loef 
JKI02 M/S JN-K Flip-Flop 

MxXDI02 M/S D Flip-Flop with Multiplexed Data Input 


COMPARATORS 


None Available at This Time | 


MISCELLANEOUS 


SalJaS Wd 


HOOAODANNDOWAANWHO HA 


4 
4 
4 
4 
4 
4 
3 
3 
4 
5 
7 
5 
7 
4 
4 


1-Bit Carry Look Ahead Adder 

1-Bit Full Adder w/Gated Inputs 

1-Bit Full Adder w/Gated Inputs, 1.2 mA loef 

1-Bit Half Adder 

High-Low Level Generator with Temperature Diode 





IDC02X2 Shared Input Buffer, 0.6 mA loef 
IDC12Xx2 Shared Input Buffer, 0.6 mA loef 
MTX50X2 Shared Output Buffer, 502 
RS69D 64X9RAM 
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FGA Series 


Macro Cells Library (continued) 


Input Macros 


Name 


IBFO2x2 (3) 
IBFO3X2 (3) 
IBFIO3X2 (3) 
IBFNO3x2 


ICKDOX2 
ICKDOX3 
ICKD1X2 
IRCIO2X2 (3) 
IRCIO3X2 (3) 


lIORO2X2 
IORIO2X2 
IORNO2X2 
IXORO2X2 
IXORN2X2 


INOOX2 (3) 


BUFFERS, INVERTERS 


High Fan-Out Buffer, 10 mA loef (Note 1) 
Input Buffer, 0.6 mA loef 


Input Buffer, Complementary Outputs, 0.6 mA loef 
Input Buffer, Inverting 0.6 mA loef 





DIFFERENTIAL RECEIVERS 


Differential Input Clock Driver, 18 mA loef (Note 1) 
Differential Input Clock Driver, 18 mA loef (Note 1) 
Differential Input Clock Driver, 18 mA loef (Note 2) 
Differential Input Buffer, Comp. Outputs, 10 mA loef 
Differential Input Buffer, Comp. Outputs, 0.6 mA loef 


2-Input OR, 0.6 mA loef 
2-Input OR/NOR, 0.6 mA loef 
2-Input NOR, 0.6 mA loef 
2-Input XOR, 0.6 mA loef 
2-Input XNOR, 0.6 mA loef 


MISCELLANEOUS 


Input Pad (Zero Resistance) 


1 


Note 1: ICKDOX2 and ICKDOX3 uses two external cells for electrical connection and cover, respectively, 90 and 50 internal cells for clock distribution. 
Note 2: ICKD12X2 uses two external cells for electrical connection and covers 44 internal cells for clock distribution. 


Output Macros 


BUFFERS, INVERTERS 


Name 


BF50X2 (3) 
BFI50X3 
BFN50x2 
RCRI50X3 


OR220X2 
ORI220X2 
OR250X2 
ORN250X2 
ORI250X2 
ORI250X3 
OR450X2 
ORN450X2 
OR1450X2 


BUS DRIVERS 


BD20x2 
BDN20x2 (3) 


Output Buffer, 509, F100K 
Complementary Output Buffer, 509, F100K 
Output Inverter, 500, F100K 

Differential Output Buffer, 509, Fi00K 


2-Input OR, 250, F100K 

2-Input OR/NOR, 252, F100K 

2-Input OR, 509, F100K 

2-Input NOR, 500, F100K 

2-Input OR/NOR, 509, F100K (FGA 14k) 
2-Input OR/NOR, 502, F100K (FGA 4k) 
4-Input OR, 509, F100K 

4-Input NOR, 50, F100K 

4-Input OR/NOR, 509, F100K 


2-Input OR, 2529, F100K 
2-Input NOR, 250, F100K : 
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Macro Cells Library (Continued) 


S8H98S VOI 


Transceivers 


TR20X3 2-Input OR ECL Transceiver, 252 
TRN20xX3 2-Input NOR ECL Transceiver, 250 
TRNS5OX2 (3) 2-Input NOR ECL Transceiver, 502 


Miscellaneous 


Namo | Function (= Cid 
OUTOOX2 (3) Output Pad (Zero Resistance) 


TTL Macros 


Name | Function 


INPUT BUFFERS 
TED11X3 TTL Input Buffer 
TES11X3 TTL Input Buffer (+ 5V Only) 

OUTPUT BUFFERS 


TOBDO01X3 8 mA TTL Output Buffer 
TOBD11X3 20 mA TTL Output Buffer 
TOBS11X3 20 mA TTL Output Buffer (+ 5V Only) 


TRANSCEIVERS 


TTRD11X3 20 mA TTL. Transceiver 
TTRSO1X3 8 mATTL Transceiver (+ 5V Only) 
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Chapter 1 
Circuit Basics 


Introduction 


ECL circuits, except for the simplest elements, are schemat- 
ically formidable and many of the specified parameters are 
relatively unfamiliar to system designers. The relationships 
between external parameters and internal circuitry are best 
determined by individually examining the fundamental sub- 
circuits of a simple element. System variables such as sup- 
ply voltage tolerances and temperature have predictable ef- 
fects on circuit parameters, thus allowing a systematic eval- 
uation of noise margins. 


Basic ECL. Switch 


At the bottom of every ECL circuit, literally and figuratively, 
is a current source. In the basic ECL switch (Figure 1-1), a 
logic operation consists of steering the current through ei- 
ther of two return paths to Voc; the state of the switch can 
be detected from the resultant voltage drop across R1 or 
R2. The net voltage swing is determined by the value of the 
resistors and the magnitude of the current. Further, these 
two values are chosen to accomplish the charging and dis- 
charging of all of the parasitic capacitances at the desired 
switching rate. 


Required Input Signal 


The voltage swing required to control the state of the switch 
is relatively small due to the exponential change of emitter 
current with base-emitter voltage and to the differential 
mode of operation. For example, starting from a condition 
where the two base voltages are equal, which causes the 
current to divide equally between Q1 and Q2, an increase of 
Vin by 125 mV causes essentially all of the current to flow 
through Q1. Conversely, decreasing Vij by 125 mV causes 
essentially all of the current to flow through Q2. Thus the 
minimum signal swing required to accomplish switching is 
250 mV centered about Vgp. The signal swing is made larg- 
er (approximately 750 mV) to provide noise immunity and to 
allow for differences between the Vgz of one circuit and the 
output voltage levels of another circuit driving it. 


Vcc 


Vee 
TL/F/9905-1 
FIGURE 1-1. Basic ECL Switch 


Transition Region 


If the voltage at the collector of Q1 is monitored while vary- 
ing Vin above and below the value of Vpz, the relationship 
between Vc, and Vin appears as shown in Figure 1-2. Note 
that the horizontal axis of the graph is centered on Vgp; this 
emphasizes the importance of Vgg in fixing the location of 
the transition region. The shape of the transition (or thresh- 
old) region is governed by the transistor characteristics and 
the value of current to be switched. Both of these factors 
are determined by the circuit designer. The shape of the 
transition region is essentially invariant over a broad range 
of conditions, due to the matching of transistor characteris- 
tics inherent with IC technology and because the transistors 
are at the same temperature. The inherent matching of IC 
resistors assures equal voltage swings at the two collectors. 


Emitter-Follower Buffers 


In Figure 1-2, Vc1 ranges from Vcc (ground) when Q1 is off 
to approximately —0.90V when Q1 is conducting all of the 
source current. To make these voltage levels compatible 
with the voltages required to drive the input of another cur- 
rent switch, emitter followers are added as shown in the 
buffered current switch (Figure 7-3). In addition to translat- 
ing Voz and Vco2 downward, the emitter followers also iso- 
late the collector nodes from load capacitance and provide 
current gain. Since the output impedance of the emitter fol- 
lowers is low (approximately 7), ECL circuits can drive 
transmission lines—coaxial cables, twisted pairs, and 
etched circuits—having characteristic impedances of 509 
or more. 


v 
5 
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Voi — Q1 COLLECTOR VOLTAGE — 





Vin — INPUT VOLTAGE — V 


TL/F/9905~2 
FIGURE 1-2. Vc1-Vjn Transition Region 
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Emitter-Follower Buffers (continue) 


Vcca 


TL/F/9905-3 
FIGURE 1-3. Buffered Current Switch 


In this buffered current switch, the collectors of Q3 and Q4 
return to a separate ground lead, Vcca. This separation in- 
sures that any changes in load currents during switching do 
not cause a change in Vcc through the small but finite in- 
ductance of the Voca bond wire and package lead. Outside 
the package, the Vcc and Vcca leads should be connected 
to the common Vcc distribution. : 


For internal functions of complex circuits where loading is 
minimal, the buffer transistors are scaled down to maintain 
high switching speeds with modest source currents. For 
service as output buffers, the emitter followers are designed 
for a maximum rated output current of 50 mA. For standard- 
ization of testing, detailed specifications on guaranteed 
min/max output levels apply when an output is loaded with 
500 returned to —2V. The emitter followers have no inter- 
nal pull-down resistors; consequently, there is maximum de- 
sign flexibility when optimizing fine terminations and using 
wired-OR techniques for combinatorial logic or data buss- 
ing. 


Multiple Inputs 


The buffered switch of Figure 7-3 is essentially an ECL line 
receiver circuit with the bases of both Q1 and Q2 available 
for receiving differential signals. With one input connected 
to the Vgp terminal, the switch can receive a signal transmit- 
ted in a single-ended mode or it can act as a buffer or logic 
inverter. To perform the OR and NOR of two or more func- 
tions, additional transistors are connected in parallel with 
Q1 as indicated in Figure 1-4. When any input is HIGH, its 
associated transistor conducts the source current and Q2 is 
turned off; this causes the collector of Q1 to go LOW and 
the collector of Q2 to go HIGH, with the emitters of Q3 and 
Q4 following the collectors of Q1 and Q2 respectively. 
When two or more inputs are HIGH, the results are the 
same. Thus, with a HIGH level defined as a True or logic 
“1” signal, Q3 provides the NOR of the inputs while Q4 
simultaneously provides the OR. In addition to the logic de- 
sign flexibility afforded by the availability of both the asser- 
tion and negation, the Q3 and Q4 outputs can drive both 
conductors of a differential pair for data transmission. Also 
shown in Figure 7-4 are the pull-down resistors, nominally 
50 kM, connected between ECL inputs and the negative 
supply. These resistors serve the purpose of holding un- 
used inputs in the LOW state by sinking Icogo current and 
preventing the build-up of charge on input capacitances. Ac- 
cordingly, most non-essential ECL inputs are designed to be 
active HIGH. When such inputs are not used, the pull-down 
resistors eliminate the need for external wiring to hold them 
LOW. 


TL/F/9905-4 
FIGURE 1-4. Input Expansion by Parallel Transistors 


Power Conservation, 
Complementary Functions 


Power dissipation in an ECL circuit is due in part to the 
output load currents and in part to the internal operating 
currents. Load currents depend on system design factors 
and are discussed in Chapter 5. In the basic switch (Figure 
7-1), power dissipation is fixed by the source current and the 
supply voltage, whether the circuit is in a quiescent or tran- 
sient state. There is no mechanism for causing a current 
spike such as occurs in TTL circuits, and thus the power 
dissipation is not a function of switching frequency. 


A distinct advantage of the ECL switch is the ease of form- 
ing both the assertion and negation of a function without 
additional time delay or complexity. This is very significant in 
complex MS! functions, since it helps to maximize the effi- 
ciency of the internal logic while minimizing chip area and 
power consumption. Since most 100K ECL devices have 
complementary outputs, the system designer has similar op- 
portunities to reduce package count and power consump- 
tion while enhancing logic efficiency and reducing through- 
put times. 


Series Gating, Wired-AND 


Quite often in ECL elements, the circuitry required to gener- 
ate functions is much simpler than the detailed logic dia- 
grams suggest. In addition to readily available comp!emen- 
tary functions and the wired-OR option, other techniques 
providing high performance with low part count are series 
gating and wired collectors. These are illustrated in principle 
by the simplified schematics of Figures 1-5 and 1-6. 





Series Gating, Wired-AND (continued) 


TL/F/9905-5 
FIGURE 1-5. Series/Parallel Gating 


TL/F/9905-6 
FIGURE 1-6. Exclusive-OR/NOR 


In Figure 1-5, if both A and B are HIGH, then Q1 and Q3 
conduct and ls flows through R1, making the collector of Q1 
go LOW, thereby achieving the NAND of A and B. Connect- 
ing the collectors of Q2 and Q4 to the same load resistor 
provides the AND of A and B. If the collectors of Q3 and Q4 
were interchanged, a different pair of functions of A and B 
would be produced. Similarly, a third functional pair is 
achieved by interchanging the collectors of Q1 and Q2. For 
Q3 and Q4 to operate at a lower voltage level than Q1 and 
Q2, the voltage level of B is translated downward from the 
normal ECL levels and V’gg is similarly translated down- 
ward from the Veg voltage. In the slightly more complex 
circuit in Figure 71-6, another pair of transistors is added to 
obtain the Exclusive-OR and Exclusive-NOR functions. 


Connecting transistors in series is not limited to two levels 
of decision making; three levels are shown in the simplified 
schematic of an octal decoding tree (Figure 7-7). \f the three 
input signals are all HIGH, Q1 conducts through Q9 and 
Q13 to make the collector of Q1 LOW. In all, there are eight 
possible paths through which the source current can return 
to the positive supply. A LOW signal at the collector of any 
one of the transistors in the top row represents a unique 
combination of the three input signals. This 1-of-8 decoding 
circuit illustrates very clearly how ECL design techniques 
make the most efficient use of components and power to 
generate complex functions. This same set of switches, with 
the upper collectors wired in two sets of four collectors 
each, generates the binary sum and its complement of the 
three input signals. 


The Current Source, Output 
Regulation 


All elements of the F100K circuits use a transistor current 
source illustrated in Figure 7-8. Source current is deter- 
mined by an internally generated reference voltage Vcs, the 
emitter resistor Rg and the base-emitter voltage of Q5. The 
reference voltage is designed to remain fixed with respect 
to the negative supply Veg, which makes Is independent of 
supply voltage. 


TL/F/9905-7 
FIGURE 1-7. Octal Decoding Tree 


Vcc 


TL/F/9905-8 
FIGURE 1-8. Constant Current Source for a Switch 


Regulating the current source (ls) simplifies system design 
because output voltage and switching parameters are not 
sensitive to Vee changes. Output voltage levels are deter- 
mined primarily by the voltage drops across R1 and R2 re- 
sulting from the collector currents of Q1 and Q2. Since the 
collector current of the conducting transistor (Q1 or Q2) is 
determined by Is and the transistor a, the voltage drop 
across the collector load resistor is not sensitive to Vee 
variations. For example, a 1V change in Vee changes the 
output level Vo, by only 30 mV. 


Switching parameters are affected by transistor characteris- 
tics, the collector resistor (R1 or R2), stray capacitances, 
and the amount of current being switched. In other forms of 
ECL where source currents change with Veg, switching pa- 
rameters are directly affected. This sensitivity is essentially 
eliminated in F100K circuits by regulating Is against Veg 
changes. 


Power dissipation in an ECL switch is the product of Is and 
Vee. By holding Ig constant with Veg, incremental changes 
in dissipation are linear with Vee changes. In non-regulated 
ECL, Is increases with Veg causing switch dissipation to 
change more rapidly with Veg. 
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Threshold Regulation 


As previously discussed, the input threshold region of an 
ECL switch is centered on the internal reference Vgp. In 
F100K circuits, the on-chip bias driver holds Vgp constant 
with respect to Vcc, thus minimizing changes in input 
thresholds with Veg. For a Vee change of 1V, for example, 
Veep changes by approximately 25 mV. : 


With output voltage levels and input thresholds regulated, 
F100K circuits tolerate large differences in Veg between a 
driving and a receiving circuit and still maintain good noise 
margins. For example, a driving circuit operated with —4.2V 
and receiving circuit operated with —5.7V experience a 
LOW state noise margin loss of only 30 mV to 40 mV com- 
pared to the ideal case of both circuits with Veg = —4.5V. 
This insensitivity to Vee simplifies the design of system pow- 
er distribution and regulation. 


Temperature Compensation 


In F100K circuits, input thresholds are made insensitive to 
temperature by regulating Vgg. Output voltage levels are 
made insensitive to temperature by a correction factor de- 
signed into the current source and by a simple network con- 
nected between the bases of the output transistors as 
shown in Figure 1-9. 


TL/F/9905-9 
FIGURE 1-9. Temperature Compensation 


With Q1 conducting and Q2 off, most of the source current 
flows through R1, while a small amount flows through R2, 
D1 and R3. If the chip temperature increases, the source 
current is made to increase, causing an increase in the volt- 
age drop of sufficient magnitude across R1 to offset the 
decrease in base-emitter voltage of Q3. The voltage drop 
across R1 increases with temperature at the rate of approxi- 
mately 1.5 mV/°C, while the voltage drop across D1 de- 
creases at the same rate. This means that there is a net 


- voltage increase of 3 mV/°C across the series combination 


of R2 and R3. This increase is equally divided between the 
two resistors since R3 is equal to R2 (and R1); thus the 
voltage at the base of Q4 goes negative by 1.5 mV/°C, off- 
setting the decrease in the base-emitter voltage of Q4. 
When Q2 is on and Q1 is off, the same relationships apply 
except that most of the current flows through R2, and D2 
conducts instead of D1. Fi00K change rates for Von, Vgp, 
and Vo, are approximately 0.06, 0.08 and 0.1 mV/°C, re- 
spectively. 


The stabilization of output levels against changes in temper- 
ature provides significant advantages to both the user and 
manufacturer. In testing, an extended thermal stabilization 
period is not required, nor is an elaborate air cooling ar- 
rangement necessary to obtain correlation of test results 
between user and supplier. In a system, the output signal 
swing of a circuit does not depend on its temperature, there- 
fore temperature differences do not cause a mismatch in 
signal levels between various locations. With temperature 
gradients thus eliminated as a system constraint, the design 
of the cooling system is greatly simplified. 


Noise Margins 


The most conservative values of ECL noise margins are 
based on the DC test conditions and limits listed on the data 
sheets. Acceptance limits on Voy and Vo, are identified on 
a symbolic waveform in Figure 7-70, with the boundaries of 
the input threshold region also identified. The HIGH-state 
noise margin is usually defined as the difference between 
VoH(min) 2nd Vin(Min), with the LOW-state margin defined 
as the difference between Voi(Max) and Vi_(Max): These two 
differences are identified as Vx and Vy respectively. The 
worst case input and output test points are also identified on 
the OR gate transfer function shown in Figure 1-17. The 
transition region indicated by the solid line is applicable 
when the internal reference Vap has the design center val- 
ue of —1.32V for F100K circuits. The transition regions indi- 
cated by the dashed lines represent the lot-to-lot displace- 
ment resulting from the normal production tolerances on 
Ves, which amount to +40 mV for F100K circuits. Using 
F100K circuit values as an example, the dashed curve on 
the right correlates with a Vag value of —1.280V, and the 
input test voltage Vi~(min) is —1.165V, for a net difference 
of 115 mV. Similarly, the dashed curve on the left applies 
when Veg is —1.360V with Vi_(mMax) Specified as —1.475V, 
which also gives a net difference of 115 mV. The points 
Vouc and Voic are commonly referred to as the corner 
points because of their location on the transfer function of 
worst case circuits. 
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TL/F/9905-10 
FIGURE 1-10. Identifying Specification Limits on 
Input and Output Voltage Levels 


In actual system operation, the noise margins Vyy and Vy 
are quite conservative because of the way Vinmin) and 
ViL(Max) are defined. From the transfer function of Figure 
1-17, for example, Vir(min) is defined as a value of input 
voltage which causes a worst-case output to decrease from 
Vor(min) to Voxc This change in Voy amounts to only 
10 mV for F100K circuits. Thus, if a worst case OR gate has 
a quiescent input of VoH(Min), 4 Superimposed negative-go- 
ing disturbance of amplitude Vj causes an output change 
of only 10 mV, assuming that the time duration of the distur- 
bance is sufficient for the OR gate to respond fully. In 





Noise Margins (continued) 


contrast, a system fault does not occur unless the superim- 
posed noise at the OR input is of sufficient amplitude to 
cause the output response to extend into the threshold re- 
gion(s) of the load(s) driven by the OR gate. In general, 
noise becomes intolerable when it propagates through a 
string of gates and arrives at the input of a regenerative 
circuit (flip-flop, counter, shift register, etc.) with sufficient 
amplitude to reach the Vpg level. 


The critical requirement for propagating either a signal or 
noise through a string of gates is that each output must 
exhibit an excursion to the Vgp level of the next gate in the 
string, assuming, of course, that the time duration is suffi- 
cient to allow full response. If the excursion at the input of a 
particular gate either falls short or exceeds Vgp, the effect 
on its output response is magnified by the voltage gain of 
the gate. On the voltage transfer function of a gate, the 
slope in the transition region is not, strictly speaking, con- 
stant. However, for input signal excursions of about 
+50 mV on either side of Vgp, a value of 5.5 may be used 
for the voltage gain. For example, if the noise (or signal) 
excursion at the input of a gate falls short of Vag by 20 mV, 
the gate output response is 110 mV less. Another useful 
relationship is that if the input voltage of a gate is equal to 
Ves; the output voltage is also equal to Vgp, within perhaps 
30 mV. 


To determine the combined effects of circuit and system 
parameters on noise propagation through a string of gates, 
refer to Figure 1-12. The voltages V; and Vo represent dif- 
ferences in ground potential, while V3 and V4 are Veg differ- 
ences. The output of gate A is in the quiescent LOW state 
and Vp, is a positive-going disturbance voltage. Now, how 
large can Vp, be without causing propagation through gate 
C? For a starting point, assume all three gates are identical 
with typical parameters; Veg is — 4.5V, the ground drops are 
zero, and there are no temperature gradients. Voltage pa- 
rameters of F100K circuits are used. With typical circuits 
and the idealized environment, the maximum tolerable value 
of Vp, for propagation is the difference between the nomi- 
nal Vag of —1.320V and nominal Vo, of —1.705V, or 385 
mV. The following steps treat each non-ideal factor sepa- 
rately and the required reduction in Vp, is calculated. 


vad peed va VoHC = Vorimin) 
ee eee 


Vout — OUTPUT VOLTAGE — V 





-2.0 
-2.0 -1.6 -1.2 -0.8 ~0.4 


Vin — INPUT VOLTAGE — V 
TL/F/9905-11 

FIGURE 1-11. Location of Test Points 

and Threshold on a Transfer Function 
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FIGURE 1-12. Arrangement for Noise 
Propagation Analysis 

Non-Typical Vgp of Gate B: Specifications provide for Vag 
variations of +40 mV. If the Vag of gate B is 40 mV more 
negative than nominal, Vp, must be reduced by the same 
amount. 
AVp_ = —40 mV 
VeL = 385 — 40 = 345 mV 
Non-Typical Vo, of Gate A: Vo, limits are —1.620V to 
—1.810V corresponding to. the +3o points on the distribu- 
tion. Statistically, this means that 98% of the circuits have 
VoL values of —1.650V or lower. Since this value differs 
from the nominal Vo, by 55 mV, Vp_ must be reduced ac- 
cordingly. 
AVp, = —55mV 
Vp_ = 345 — 55 = 290 mV 
Difference in Ground (Vcc) Potential between Gates A 
and B: Since the Vcc lead of Gate B is the reference poten- 
tial for input voltages, V; in the polarity shown effectively 
makes the Vo, of Gate A more positive. Minimizing ground 
drops is one of the system designer’s tasks (Chapter 5) and 
its effect on noise margins emphasizes its importance. For 
this analysis, a value of 30 mV is assumed. 
AVp_ = 30 mV 
Vp_ = 290 — 30 = 260 mV 
Difference in Veg between Gates A and B: In the polarity 
shown, V3 reduces the supply voltage for Gate A since it is 
assumed that Gate B has Veg of —4.5V. The indicated po- 
larities of V; and V3 seem to be in conilict if it is assumed 
that V3 represents only ohmic drops along the Veg bus. 
Since V3 may, however, be caused by the use of different 
power supplies or regulators as well as by ohmic drops, the 
polarities may exist as indicated. In any actual situation, the 
designer can usually predict the directions of supply current 
flow by observation of the physical arrangement. As men- 
tioned earlier, a 1V change in Veg causes a Vo, change 
30 mV, or 3%. Assuming a value of 0.5V for V3 and adding 
the 30 mV of Vj, the net reduction in supply voltage for Gate 
Ais 0.53V. Using 3% of this reduction as the change in Vo, 
gives a positive Vo, shift of 16 mV, which is a reduction of 
noise margin. 
AVp_ = —16mV 
VeL = 260 — 16 = 244mV 
If the net supply voltage of Gate A is assumed to be — 4.5V, 
then V, and V3 cause Gate B to have a greater supply volt- 


age. This, in turn, causes the Vgg of Gate B to go more 
negative at the rate of 25 mV/V of Vee change, or 2.5%. 
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Noise Margins (continued) 


Thus, for the same values of V1 and V3, the required reduc- 
tion of Vp_ is only 13 mV instead of the 16 mV computed 
above. 


Non-Typical Vgg of Gate B: This was considered earlier 
for its effect at the input of Gate B. It must also be consid- 
ered for its effect on the excursions of the output voltage of 
Gate B. Since the net input voltage of Gate B (Vo, + Vp.) 
reaches the Vez level of Gate B, the output excursion also 
extends to the Vpp level and perhaps 30 mV beyond (more 
negative). This means that the output excursion of Gate B 
could be 90 mV more negative than the nominal Veg of 
Gate C. This excess excursion must be divided by the volt- 
age gain of Gate B to determine exactly how much Vp, 
must be reduced as compensation. 

AVp_ = —90/5.5 = —16 mV 

Vp_ = 244 — 16 = 228 mV 

Non-Typical Vgg of Gate C: The Vgp of Gate C could be 
40 mV more positive than the nominal value of —1.320V. 
Dividing by the voltage gain of Gate B gives the necessary 
reduction of Vp,. 

AVp_ = —40/5.5 = —7mV 

VpL = 228 — 7 = 221 mV 

Difference in Vcc Potential between Gates B and C: For 
the polarity shown, V2 makes the net voltage at the C input 
more negative with respect to the Voc lead of Gate C. As- 
sume 30 mV for Vo as was done for V4. 

AVp_ = —30/5.5 = —5.0 mV 

Vet = 217 —5 = 212 mV 

Difference in Veg between Gates B and C: In the polarity 
shown, V4 reduces the supply voltage for Gate C, as does 
Vo. As previously mentioned, Vgg changes with Veg at a 
rate of 25 mV/V, or 2.5%. Assuming a value of 0.5V for V4, 
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as was done for Vo, adding Vo gives a net Veg reduction of 
0.53V. This makes the Vgg of Gate C about 13 mV more 
positive, with respect to its own Vcc lead. This must be 
divided by the gain of Gate B to determine the effect on the 
permissible value of Vp i. 

AVpL = —13/5.5 = -2mV 

Vp_L = 212 — 2 = 210 mV 

At this point the more conservatively defined Vy, (Figure 
7-10) should be evaluated and compared with Vp,. Sub- 
tracting the values of Voi(mMax) and Vit(Max), 4 value of 
145 mV for Vn is obtained. 


The primary advantage of using Vay and Vy as the limits 
of tolerable noise is that they provide for simultaneous ap- 
pearance of noise on inputs and outputs. Whatever the sys- 
tem designer’s preference regarding noise margin defini- 
tions, the important factor is to recognize that the AVcco and 
AVege between devices decrease the noise margins and 
therefore should be minimized. 
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Chapter 2 
Logic Design 


Introduction 


The F100K family is comprised of SSI, MSI, LSI, logic func- 
tions, gate arrays, BICMOS SRAMs, and PALs. The latest 
addition to the F100K family is the 300 Series. 300 Series 
devices are functionally equivalent redesigns of existing 
F100K devices, but with added enhancements such as: low- 
er power, PCC packaging, extended operating voltage 
range, military versions and ESD protection of 2000V (mini- 
mum). 

This chapter covers basic gates and flip-flops, as well as 
applications using MSI functions. In most cases a 300 Se- 
ries redesign is available in place of the referenced 100 
Series part. Refer to the Applications section of this data- 
book for the latest publications using ECL logic. Gate Ar- 
rays, PALs, and MSI are covered in separate publications. 
All BICMOS SRAM applications are included in the Memory 
Databook. 

National F100K ECL logic symbols use the positive logic or 
“active-HIGH” option of MIL-STD-806B. Logic ‘1’ or ‘“‘ac- 
tive-High” is the more positive voltage, nearest ground (typi- 
cally —0.955V). Logic ‘0’ or “‘active-LOW” is the more neg- 
ative level, nearest Vee (typically — 1.705V). 


OR/NOR Gates . 
The most basic F100K ECL circuit is the OR/NOR gate (Fig- 
ure 2-1). \f the input (A or B) voltages are more negative 
than the reference voltage Vag, Q1 and Q2 are cut off (non- 
conducting) and Q3 conducts, holding the collector of Q3 


VCcA 


VEE 


TL/F/9899-1 
FIGURE 2-1. Basic ECL Gate 


LOW. Since the base of Q4 is LOW, the pull-down resistor 
or terminator connected to its emitter makes the OR output 
LOW. The base of Q5 is HIGH (near ground) and its emitter 
pulls the NOR output HIGH. If either input is more positive 
than Vgp, Q1 or Q2 conducts and Q3 is cut off. This makes 
the base of Q4 HIGH, resulting in a HIGH at the OR output. 
At the same time, the base of Q5 is LOW and the pull-down 
resistors or terminator pulls the NOR output LOW. Detailed 
information concerning F100K ECL circuit basics may be 
found in Chapter 1. 

The F100K family includes two OR/NOR-gate devices. The 
F100101 is a triple 5-inpbut OR/NOR and the F100102 is a 
quint 2-input OR/NOR with common enable. One element 
of the F100102 is shown in Figure 2-2, the corresponding 
truth table is Table 2-1. 


Dix 


TO FOUR 
OTHER GATES 


TL/F/9899-2 
FIGURE 2-2, F100102 OR/NOR Gate 


TABLE 2-1. F100102 Truth Table 


eeneseae|n 
exesssrlp 
receeen se 


= HIGH Voltage Level 
= LOW Voltage Level 


a 
L 


Wired-OR Function 


A wired-OR function can be implemented simply by con- 
necting the appropriate outputs external to the package 
(see Figure 2-3). Each output is buffered so that the internal 
logic is not affected by the wire-OR. This is a positive logic 
OR, not to be confused with a DTL wired-AND or the inter- 
nal series gating used for some ECL functions. This wired- 
OR is especially useful in implementing data busses. For 
further information see Chapter 4. 
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Wired-OR Function (Continued) 
A 


B F F = (A+B) +(C+D) 
=A+B+C+D 
=AeBeCeoD 

c 

D 

TL/F/9899-3 
A 
5 F 
B "= ——— 
F=A+B O+D 
_ = AB+CD 
Ct 
5 
TL/F/9899-4 
A = (A+B) + (C+D) 
B F = (AB) +C+0D 
F = A+B + C+D 
c = A+B + (CD) 
D G 


TL/F/9899-5 
FIGURE 2-3. Wired-OR Function 


AND Function 


The positive logic AND function is directly available in 
F100K ECL (F100104). There are two other approaches 
which can be taken to solve the problem of implementing an 
AND. 


The first solution is indicated in Figure 2-4. A positive logic 
OR gate can be redrawn as a negative logic AND gate. To 
take advantage of this requires active-LOW input terms; but, 
since practically every F100K circuit provides complementa- 
ry outputs, this should not be a problem. 


Dix 

Dox — 

D . 
3x Ox 

Dax 

Dsx 


TL/F/9899-6 
FIGURE 2-4. F100101 Redrawn as AND/NAND Gate 


The second possible solution is to use devices in a manner 
other than that intended, at the cost of package efficiency. 
The F100117 may be used as a triple 3-input AND/NAND 
by connecting only one input on each of the OR gates. The 
F100179 may be used as a single 9-input AND gate by con- 
necting the inputs to C, and G7 through Go. The P, inputs 
are left open (LOW) and the output is taken from Cp+ 8. 


OR-AND, OR-AND-invert Gates 


The F100117 is a triple 2-wide OR-AND, OR-AND-Invert 
Gate. The logic diagram and truth table for one section of 
the F100117 are shown in Figure 2-5 and Table 2-2, respec- 
tively. The F100118 5-wide OA/OAI has OR inputs of 5, 4, 
4, 4, and 2. 


7-10 


Ex 
Dix Ox 
Dox Ox 
D3x 
Dex 


TL/F/9899-7 
FIGURE 2-5. F100117 OA/OAI Gate 


TABLE 2-2. F100117 Truth Table 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 


Exclusive-OR/Exclusive-NOR Gate 


The F100107 is a quint exclusive OR/NOR gate. In addition 
to providing the exclusive-OR/exclusive-NOR of the five in- 
put pairs, a comparison output is available. If the five pairs 
of inputs are identical, bit by bit, then the common output 
will be LOW. 


Flip-Flops and Latches 


Flip-flops and latches are treated together due to their simi- 
larity. The only difference is that latch outputs follow the 
inputs whenever the enable is LOW, whereas a flip-flop 
changes output states only on the LOW-to-HIGH clock tran- 
sition. ; 

The advantage of an edge-triggered flip-flop is that the out- 
puts are stable except while the clock is rising; a latch has 
better data-to-output propagation delay while the enable is 
kept active. 


Both latches and flip-flops are available three to a package 
with individual as well as common controls and six to a 
package with only common controls. There are a total of 


four parts as indicated below. 
Triple w/Individual | Hex w/Common 
ee eras 
| F1o0151 | 


| Flip-Flops | | F400131 | 00131 


F100130 F100150 


Figure 2-6 shows the equivalent logic diagram of 1 of an 
F100131. The internal clock is the OR of two clock inputs, 
one common to the other two flip-flops. The OR clock input 
permits common or individual control of the three flip-flops. 
In addition, one input may be used as a clock input and the 
other as an active-LOW enable. 











Flip-Flops and Latches (continued) 


TO OTHER 
DEVICES 


TO OTHER 
DEVICES 


TO OTHER 
DEVICES 


TL/F/9899-8 


FIGURE 2-6. F100131 D Flip-Flop 


When the clock is LOW, the slave is held steady and the 
information on the D input is permitted to enter the master. 
The transition from LOW to HIGH locks the master in its 
present state making it insensitive to the D input. This tran- 
sition simultaneously connects the slave to the master, 
causing the new information to appear at the outputs. Mas- 
ter and slave clock thresholds are internally offset in oppo- 
site directions to avoid race conditions or simultaneous 
master/slave changes when the clock has slow rise or fall 
times. 


The Clear and Set Direct for each flip-flop are the OR of two 
inputs, one common to the other two flip-flops. The output 
levels of a flip-flop are unpredictable if both the Set and 
Clear Direct inputs are active. 


The outputs of all F100K flip-flops and latches are buffered. 
This means that they can be OR-wired; noise appearing on 
the outputs cannot affect the state of the internal latches. 
Table 2-3 is the truth table for the F100131 flip-flop. The 
truth table for the F100130 latch is similar except the en- 
ables are active LOW whereas the F100131 clocks are 
edge triggered. 





TABLE 2-3. F100131 Truth Table 


Qnrit + 1) 


rc 
fod 


<= 


\ 


L L L 
L L H 
L L L 
L L H 
L L Qn(t) 
L L 
H L 
L H 
H H 


HIGH Voltage Level 
LOW Voltage Level 


Undefined 
= Time before and after CP positive transition 


If eight flip-flops are desired, such as for pipeline register 
applications, the F100141 Shift Register can be used. Nei- 
ther reset nor complementary outputs are available. The Se- 
lect inputs may be used to mechanize a clock enable as 
shown in Figure 2-7. 
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Flip-Flops and Latches (continueg) 


ts Po P1 Po Ps P4 Ps Pe P7 
CLOCK ENABLE * 


(ACTIVE LOW) Si 
CLOCK 


cp 
Qo Qi Q2 Q3 Q4 Qs Qe Q7 


TL/F/9899-9 
FIGURE 2-7. F100141 as Octal D Flip-Flop 


Counters 


The F100136 operates either as a modulo-16 up/down 
counter or as a 4-bit bidirectional shift register. It has three 
Select inputs which determine the mode of operation as 
shown in Table 2-4. In addition, a Terminal Count output, 
and two Count Enables are provided for easy expansion to 
longer counters. A detailed truth table for the F100136 is 
included in the specification sheet. To achieve the highest 
possible speed, complementary outputs should be equally 
terminated, i.e., if Qo is used, Qo should be equally terminat- 
ed even if not used. If neither output of a particular stage is 
used, then both outputs can be left open. 


TABLE 2-4. F100136 Function Select Table 


Load 

Count Down 
Shift Left 
Count Up 
Complement 
Clear 

Shift Right 
Hold 


L 
H 
oL 
H 
L 
H 
L 
H 





H = HIGH Voltage Level 
L = LOW Voltage Level 


VARIABLE MODULUS COUNTERS 


An F100136 can act as a programmable divider by preset- 
ting it via the parallel inputs, counting down to minimum and 
then presetting it again to start the next cycle. Figure 2-8 
shows a one-stage counter capable of dividing by 2 to 15. 
So and Sj are unconnected (therefore LOW) and the coun- 
ter thus is in either the Count Down or Parallel Load mode, 
depending on whether So is HIGH or LOW, respectively. 
CEP and CET are also LOW, enabling counting when So is 
HIGH. Immediately after the counter is preset to N, which 
must be greater than one, the LOAD signal goes HIGH and 
the F100136 starts counting down on the next clock. When 
it counts down to one, the LOAD signal goes LOW and pre- 
setting will occur on the next clock rising edge. Generating 
the LOAD signal on the count of one, rather than zero, 
makes up for the clock pulse used in presetting. 


7-12 


PRESET N 


i Po-P3 
S. 


2 


F100136 fout = fin +N 


CP 
Qo Qi Q2 Q3 


fouT 


TL/F/9899-10 
FIGURE 2-8. 1-Stage Counter 


A 3-stage programmable divider is shown in Figure 2-9. The 
TC output of the first stage enables counting in the upper 
stages, while the TC output of the second stage also en- 
ables counting in the third stage. The D-input signal to the 
flip-flop is normally HIGH and thus Q is normally LOW. 
When both the second and third stage counters have count- 
ed down to zero, the TC output of the third stage goes LOW. 
When the first stage subsequently counts down to one, the 
D signal goes LOW, as does LOAD. Presetting thus occurs 
on the next clock and Q goes HIGH to end the LOAD signal 
and permit counting to resume on the next clock. 


In Figure 2-8, the maximum clock frequency is determined 
by the sum of the propagation delays from CP to Q and the 
OR gate, plus the setup time from S to CP. The maximum 
frequency is approximately 220 MHz for typical units or 170 
MHz for worst-case units. In Figure 2-9 the critical path is 
CP to Q of the first stage plus both OR gates, plus the S to 
CP set-up time of the counters. Typical and worst-case max- 
imum frequencies are 190 MHz and 140 MHz respectively. 


INTERCONNECTING COUNTERS 


The terminal count and count enable connections provide 
an easy method of interconnecting the F100136 counter .to 
achieve longer counts. Figure 2-10 shows a method that 
uses few connections but has a drawback. The counters are 
fully synchronous, since the clock arrives at all devices at 
the same time; the only drawback is that the count enables 
have to “trickle” down the chain. This results in a lower 
maximum counting rate since it drastically increases the set- 
up time from enable to clock. 


Figure 2-11 shows a method for partially overcoming these 
drawbacks. The enable to clock set-up is now one CET to 
TC propagation delay plus one CEP to CP set-up. The count 
speed is thus increased. This is best seen by assuming that 
all stages except the second are at terminal count. At the 
next clock pulse, the second counter reaches terminal 
count and the first stage exits terminal count. The command 
to suppress counting in the third and fourth (and subse- 
quent) stages arrives very quickly (via CEP). 1 The terminal 
count from the second stage propagates via TC and CEP to 
the high order stages, but has a full 15 counts to do so. 








Counters (Continued) 
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FIGURE 2-10. Slow Expansion Scheme 
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FIGURE 2-11. Fast Expansion Scheme 
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Counters (Continued) 


DECODING OUTPUTS 


Since the complementary outputs from each stage are 
available, it is an easy matter to decode any value. (Clearly, 
if many values needed to be decoded one would choose a 
decoder chip.) Figure 2-12 shows an F100136 and 14 
F100101 interconnected to decode 1001 (NINE). Both com- 
plementary outputs of NINE are available and there is a 
spare input on the decoding gate. 


F100136 
Qo Q1 Q2 Q3 
e J 





1/3 F100101 


TL/F/9899-13 
FIGURE 2-12. Decoding States of F100136 


Shift Registers 


The F100141 is an 8-bit universal shift register. It can be 
used for parallel-to-serial or serial-to-parallel conversion and 
it will shift left or right. The truth table is shown in Table 2-5. 


TABLE 2-5. F100141 Truth Table 


Parallel Load 


Shift Left (Q9 —> Q7) 
Shift Right (Q7 —> Qo) 
Hold 





= HIGH Voltage Level 

= LOW Voltage Level 
: = Don't Care 
Figure 2-13 shows the F100141 used as a 7-bit serial-to- 
parallel converter. When Initialize (INIT) becomes active, 
the next clock pulse presets the register to ‘10000000’, and 
Register-Full (REG-FULL) becomes inactive. Each time a 
data bit becomes available, Data-Available (DATA-AVAIL) 
must be made active during one clock LOW-to-HIGH tran- 


CLOCK 


COUNT 6 | 7 


SERIAL- 
DATA-ACPT 


PARALLEL- 
DATA-RQST 


PARALLEL- 
DATA-RDY 





sition. This clocks the bit into the register moves the flag bit 
closer to Qo. When the seventh data bit is entered, the flag 
bit reaches Qo and REG-FULL becomes active. The seven 
data bits may be removed at this time (Q; to Q7) and the 
conversion is complete. 


SERIAL 












D7 P7 Pe Ps P4 P3 P2 Pi Po 
cP 


F100141 
Q7 Qe Qs Q4 Q3 Qe Qi Qo 

DATA 
AVAILABLE 


PARALLEL DATA 
REG-FULL 


TL/F/9899-14 
FIGURE 2-13. Serial-to-Parallel Conversion 


Table 2-6 summarizes the control inputs and corresponding 
F100141 modes for this circuit. 


TABLE 2-6. Select Inputs Truth Table 


nt | oatacavan | $1 | S| Mode 


Hold 


Shift Right 
Preset 
(IIfegal) 


H = HIGH Voltage Level 

L = LOW Voltage Level 

Figure 2-15 shows a parallel-to-serial converter using the 
F100136 counter. Figure 2-74 shows the associated timing 
diagram. Each time the external device has taken a bit of 
data, it makes the signal Serial-Data-Accept (SERIAL- 
DATA-ACPT) HIGH. The shift register shifts right which 
makes the next bit available and the counter counts up. The 
Serial-Data-Accept term must be synchronized with the 
clock. The counter counts to eight after the eighth data bit 
has been accepted and Parallel-Data-Request (PARALLEL- 
DATA-RQST) becomes active HIGH. When the device sup- 
plying data makes the next byte available, Parallel-Data- 
Ready (PARALLEL-DATA-RDY) goes HIGH. On the next 
clock pulse the shift register loads the new data byte and 
the counter clears to zero. Table 2-7 shows the operating 
mode as a function of the control inputs. 











ae ee aa eee! (EA) (See ee ene eee 


TL/F/9899-15 


FIGURE 2-14. Timing Diagram Parallel-to-Serial Converter 
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Shift Registers (Continued) 
TABLE 2-7. Parallel-to-Serial Converter Truth Table 


PARALLEL- SERIAL- Shift Register 


DATA-RDY DATA-ACPT 


L L Hold 
L H Shift Right 
H L Load 
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Count Up 


H = HIGH Voltage Level 
L = LOW Voltage Level 


PARALLEL DATA 


CLOCK 


SERIAL- 
DATA-ACPT 


PARALLEL- 
DATA-RDY 


SERIAL DATA 


F100136 


PARALLEL- 

DATA-RQST 

TL/F/9899-16 
FIGURE 2-15. Parallel-to-Serial Converter 


Multiplexers 


Multiplexers send one of several inputs to a single output. 
The function can be implemented with standard gates or 
bus drivers and the wired-OR connection. Figure 2-16 
shows the F100123 Hex Bus Driver used as a wired-OR 
multiplexer. The F100123 devices could be in physically dif- 
ferent parts of the system, since they can drive double-ter- 
minated busses. 

The F100155 is a quad 2-input multiplexer with transparent 
latches. The device has two select terms and can accept 
data from either, neither, or both (OR) sources. 


SELECT 


TL/F/9899-17 
FIGURE 2-16. Wired-OR Multiplexer 


The F100163 is a dual 8-input multiplexer with common se- 
lects. The F100164 is a single 16-input multiplexer. 


The F100163 and F100164 do not feature complementary 
outputs or an enable for wired-ORing. The F100171 is a 
triple 4-input multiplexer with enable and complementary 
outputs. 

Figure 2-17 shows an F100164 multiplexer and F100136 
connected to convert 16-bit parallel data to single-bit serial 
data. A gate is added to provide complementary serial data. 
If the input data is stable, then the output data is stable from 
6.4 ns after a clock until 2.5 ns after the next clock. This 
would insure valid data 50% of the time at a clock rate of 
100 MHz. Terminal Count on the counter can be used as a 
term to indicate the last bit is being transmitted. This can be 
used as a clock enable to the register containing the parallel 
data. The propagation delay through the register is masked 
by the propagation delay through the counter. 
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Multiplexers (Continuea) 
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FIGURE 2-17. Parallel-to-Serial Data Transmission 


Decoder 


The F100170 is a universal demultiplexer/decoder. It can 
function as either a dual 1-of-4 decoder or as a single 1-of-8 
decoder. The outputs can be either active HIGH or active 
LOW. 

If the M input is LOW, then the F100170 is configured as a 
dual 1-of-4 decoder. Both Aza and He must be LOW. Table 
2-8 is a truth table for each half of the F100170; the two 
halves are completely independent. The truth table is shown 
for active-HIGH outputs; for active-LOW outputs, H, is made 
LOW. 


TABLE 2-8. Dual 1-of-4 Mode Truth Table 


Active-HIGH Outputs 
(Hg and Hp Inputs HIGH) 


Aib | Aob | Zob 
x xX Xx 


H { 
X H X X 


L 
H 
L 
L 
L 


HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 


TABLE 2-9. Single 1-of-8 Mode Truth Table 


| inputs Active-HIGH Outputs 


(He, Input HIGH) 


IE; Ep|Aza Ata Aoa|Zo Z1 Zo Zs Z4 Zs Ze Z7 
L LE L LCL LL L 


x X< 
x< 
x 


Creer (ore ry x< =z 
CmHroeejrereeelyr x 
a A a 2 a a oo 

i Oe ce a Ga 4 
Treir|jrritir{x 
rPeroeerl|joeoecoet 
reer era ere 
iad aera co rirelr 
reer yrocoococlye 
Ceroelti|roe colle 
mreorliJererre |e 
ee RT pe coe i ea a eae Wo 
Trereoeerjrrere {es 


a 
Ll 


M = HIGH; 

Aob = Aib = Ha = Hp = LOW 

E, = Eyg and Eyp Wired; Ep = Eog and Eop Wired 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

If the M input is HIGH, then the F100170 is configured as a 
single 1-of-8 decoder. Aop, Ajp, Ha, and Hp must all be 
LOW. Table 2-9 is a truth table for the F100170 in single 1- 
of-8 mode. The truth table is shown for active-HIGH outputs; 
for active-LOW outputs, Hc is mode LOW. 


Figure 2-18 and Table 2-10 show a universal decimal de- 
coder and the decode table, respectively. The sense of the 
outputs can be easily modified. The entire decoder may be 
enabled with a LOW at the Function input. 





Decoder (Continued) 
TABLE 2-10. Output Selection 


Selected Output per Input Code 


Excess 
3 Gray 


Ao-A3 
Weighted 
Input 


o 


OAOOAN Oath AN — 
OON DOOaAAWAON — O 


FUNCTION 


Ada Ata Aza Es 
M 
F100170 


He 
Zo 21 Z2 Z3 24 Zs 26 27 


HIGH/LOW 


AosAraAza AnaAraAza Ey 


en: 


HIGH/LOW 
01234567 


8 9 101112131415 


Figure 2-19 shows a scheme to decode five lines with a 
1-of-32 decoder. Inputs Ag, Aj, and Aa are connected to the 
address select inputs of all four decoders in parallel. Both 
the true and complement of the two high order addresses 
are formed and then ANDed together at the decoder enable 
inputs. 

Figure 2-20 shows a 1-of-64 decoder which uses the LOW 
outputs of one F100170 to enable one-of-eight F100170 
devices whose address inputs are connected together. The 
unused enable inputs may be used to enable all 64 outputs. 
The 64 outputs may be either active HIGH or LOW. The 
propagation delay from address to any output is 4.5 ns max- 
imum. 
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FIGURE 2-19. 1-of-32 Decoder 
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Decoder (Continued) 
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FIGURE 2-20. 1-of-64 Decoder 
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Comparators 


The F100166 is a 9-bit magnitude comparator which com- 
pares the arithmetic value of two 9-bit words and indicates 
either A > B, A < B, orA = B. 

The unequal outputs are active HIGH so that expansion is 
simple, Figure 2-21 indicates how two 64-bit words may be 
compared in 5.4 ns typical. If desired, the A = B outputs of 
the first rank may be OR-wired to obtain an active-LOW 
A = B in 2.7 ns typical. 

The F100107 Quint Exclusive-OR/NOR may be used as a 
5-bit identity comparator with a propagation delay of 2.0 ns 
typical. The F100160 Parity Checker/Generator may also 
be used as an identity comparator. 


Ass Bes As7 Bs7 As Ba Ai Bi 
eee eee 


As Ba Ar By As Ba Ai Bi 


F100166 F100166 


A>B A=B B>A A>B A=B B>A 


F100166 
A=B 


TL/F/9899-24 
FIGURE 2-21. 64-Bit Magnitude Comparator 


Parity Generator/Checker 


The F100160 is a dual 9-bit parity checker/generator. The 
output (of each section) is HIGH when an even number of 
inputs are HIGH. Thus, to generate odd parity on eight bits, 
the ninth input would be held HIGH. One of the nine inputs 
on each half has a shorter propagation (la, Ip) delay and is 
thus preferred for expansion. 


Figure 2-22 shows how to build a 16-bit parity checker using 
a single F100160. The typical propagation delay from the 
longest input is 4.05 ns. This circuit can be turned into a 
parity generator by replacing “P” at input |p with a LOW or 
HIGH for even or odd parity, respectively. 


P 16 15 14 13 12 1110 9 


Ib 7b led I5b lab Ip lab tb foo 
F100160 
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TL/F/9899-25 
FIGURE 2-22. 16-Bit Parity Checker/Generator 


Arithmetic Logic Unit 


The F100181 is a 4-bit binary/BCD ALU with a typical prop- 
agation delay of 4.5 ns. Output latches are provided to re- 
duce system package count. When the latches are not re- 
quired, they may be made transparent. Table 2-11 summa- 
rizes the functions available in the F100181. Table 2-12is a 
summary of add times as a function of word width using the 
F100181 and, optionally, the F100179 Lookahead Carry 
Generator. These are calculated using maximum times for 
flatpak at 25°C from the data sheets and assume zero inter- 
connection times. Further, it is assumed that the S (function 
select) inputs are available very early; their delay paths are 
ignored. The F100181 specification sheet indicates how the 
parts are interconnected. 


TABLE 2-11. F100181 Functions 


eee eggs aes es De ep el A A pe ec aca oa Oe ea ca 
2 Se Se he Pa ee ee eee Pe eee 
Brrr l|yrTorerrl|rorerl|rzore 
IerrtrjrrrtryjrTererr|jrrir 


HIGH Voltage Level 
LOW Voltage Level 
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A Plus B BCD 

A Minus B BCD 
B Minus A BCD 
O Minus A BCD 


A Plus B Binary 

A Minus B Binary 
B Minus A Binary 
O Minus B Binary 


Identity 
XOR 
OR 

A 


Inverse 
B 

AND 
Zero 
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Logic Design 


Arithmetic Logic Unit (continuea) 
TABLE 2-12. Summary of Add Times Using F100181 


1F100179 2 F100179 
Lookahead Lookahead 
Carry Carries 


Ripple Carry = (A or B to Ch + 4) + (Cp to F) + 

((D — 2)Cpy to Cy +4) 

where D = number of 100181 de- 

vices 

16-Bit, 1 Lookahead = (AorB toPorG) + (Cy, to F) + 
(tp of 100179) 

32-Bit, 1 Lookahead = (AorBtoPorG) + (C, to F) + 

(tp of 100179) + (C, to Cyh+4 of 

last stage) 

(A or B to P or G) + (Cy to F) + 

(2tp of 100179) 

(A or B to P or G) + (Cp, to F) + 

(2tp of 100179) + (Cy, to Ch+4 of 

last stage) 


32-Bit, 2 Lookaheads 


64-Bit, 2 Lookaheads 


Multipliers 

The F100182 Wallace Tree Adder and F100183 Recode 
Multiplier can be combined to build extremely fast parallel 
multipliers. The F100183 data sheet has detailed applica- 
tions information; Table 2-13 is a summary of delay times 


and package counts for various operand sizes. The times 
are typical and do not include interconnection delays. 


TABLE 2-13. Multiplier Summary 


OperandSize | Delay (ns) 


16 62 
22 115 
24 186 
26 634 


TTL/F100K Interfacing— 


Translators 


The problem of mixing F100K ECL logic levels with TTL 
logic levels can be easily overcome with the use of level 
translators. Level translators are designed to convert the 
input level of one logic family to a level which is consistent 
with that of another logic family. This enables designers to 
take advantage of the high speeds offered by F100K ECL in 
critical system paths and to use other logic families in areas 
where speed is not as essential. National’s wide range of 
level translators offer designers a solution for most level 
translation applications. 


The F100124 and F100324 are hex translators designed for 
converting TTL logic levels to F100K ECL logic levels. Both 
products are functionally interchangeable, as are all the 300 





Series redesigns. On the F100124 or F100324, a common 
Enable input (E), when LOW, holds all inverting ECL outputs 
HIGH and all true ECL outputs LOW. The differential out- 
puts allow each circuit to be used as an inverting/non-in- 
verting translator, or as a differential line driver. 


The F100125 and F100325 are hex F100K ECL-to-TTL 
translators. F100K ECL-to-TTL level translation is probably 
the most common application for translators today. Logic 
designers can take advantage of the high speeds offered by 
ECL and the high densities offered by TTL memories 
(DRAMS). The F100125 and F100325 have outputs which 
are compatible with standard or Schottky TTL. Differential 
inputs allow each circuit to be used as an inverting, non-in- 
verting or differential receiver. An internal reference voltage 
generator provides Vgg for single ended operation, or for 
use in Schmitt trigger applications. 


For applications which require wider bit functions the 
F100393 or the F100395 may be more appropriate. The 
F100393 is a 9-bit F100K ECL-to-TTL level translator with 
latched outputs and the F100395 is a 9-bit F100K ECL-to- 
TTL translator with registers. Both products are designed 
with FAST TTL outputs capable of driving loads of up to 
64 mA. A LOW on the latch enable (LE) input of the 
F100393, latches the data at the input state. A HIGH on the 
LE makes the latches transparent. A HIGH on either the 
ECL or TTL output enable (OE ECL or OE TTL) inputs, holds 
the outputs in a high impedance state. For the F100395, a 
HIGH on the output enable (OE) holds the TTL outputs in a 
high impedance state. A LOW on the clock enable (EN) 
transfers the data on the inputs to the outputs on a LOW-to- 
HIGH transition. A high on the EN input will not change the 
state of the outputs. 


Some applications may require bi-directional level transta- 
tion on one chip. That is, the ability to direct the translation 
in either the F100K ECL-to-TTL direction, or in the TTL-to- 
F100K ECL direction. The F100128 and F100328 accom- 
plish this task. The F100128 and the F100328 are Octal 
F100K ECL/TTL Bi-Directional Translators with Latched 
outputs. The direction of the translation for these devices is 
determined by the DIR input, a LOW is for ECL-to-TTL 
translation and a HIGH is for TTL-to-ECL translation. A LOW 
on the output enable input (OE), holds the ECL outputs in a 
cut-off state and the TTL outputs in a high impedance state. 
The latched outputs of these devices are controlled by the 
latch enable input (LE). A HIGH on the LE, latches the data 
at both inputs even though only one output is enabled at the 
time (Tn or En as determined by the DIR input). A LOW on 
the LE input makes the latches transparent. 


The F100329 is an Octal F100K ECL/TTL Bi-directional 
Translator similar to the F100328, but employs the use of 
registers instead of latches. The direction of the translation 
is also controlled by the DIR input. A LOW on the DIR input 
will translate in the ECL-to-TTL direction and a HIGH will 
translate in the TTL-to-ECL direction. A LOW on the output 
enable input (OE) of the F100329 holds the ECL outputs in 
a cut-off state and the TTL outputs at a high impedance 
level. The outputs change synchronously with the rising 
edge of the clock input (CP), even though only one output is 
enabled at a time (En or Tn, as determined by the DIR in- 
put). 





10K/F 100K Interfacing 


The problem caused by mixing 10K ECL and F100K ECL is 
illustrated in Figures 2-25 and 2-26. 10K output levels and 
input thresholds vary with temperature whereas F100K lev- 
els and thresholds remain essentially constant. This means 
that the noise margins vary with temperature, even if the 
temperatures of the driving and receiving circuits track. Per- 
haps the worst case is shown in Figure 2-26, which illus- 
trates F100K driving 10K. 


HIGH STATE MARGINS 
10K —> F100K 


PF I0OKViiey | YL | 


INPUT/OUTPUT LEVELS — V 


—- 20 30 


~- AMBIENT TEMPERATURE 


TL/F/9899-26 
FIGURE 2-25. 10K ECL Driving 100K ECL 
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LOW STATE MARGINS 
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TL/F/9899-27 
FIGURE 2-26. 100K ECL Driving 10K ECL 
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At +75°C, the high margins are seen to be less than 
100 mV. Clearly this would not represent acceptable DC 
margins in any real system. 

If the use of 10K ECL in an F100K system is unavoidable, it 
is recommended that all interfacing be done differentially. 
This is illustrated in Figure 2-27 which is applicable for either 
direction. 


DIFFERENTIAL 
LINE RECEIVER 


-2V -2V 
TL/F/9899-28 
FIGURE 2-27. Interfacing 10K and F100K 
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Chapter 3 
Transmission Line Concepts 


Introduction 


The interactions between wiring and circuitry in high-speed 
systems are more easily determined by treating the inter- 
connections as transmission lines. A brief review of basic 
concepts is presented and simplified methods of analysis 
are used to examine situations commonly encountered in 
digital systems. Since the principles and methods apply to 
any type of logic circuit, normalized pulse amplitudes are 
used in sample waveforms and calculations. 


Simplifying Assumptions 

For the great majority of interconnections in digital systems, 
the resistance of the conductors is much less than the input 
and output resistance of the circuits. Similarly, the insulating 
materials have very good dielectric properties. These cir- 
cumstances allow such factors as attenuation, phase distor- 
tion, and bandwidth limitations to be ignored. With these 
simplifications, interconnections can be dealt with in terms 
of characteristic impedance and propagation delay. 


Characteristic Impedance 


The two conductors that interconnect a pair of circuits have 
distributed series inductance and distributed capacitance 
between them, and thus constitute a transmission line. 
For any length in which these distributed parameters are 
constant, the pair of conductors have a characteristic im- 
pedance Zo. Whereas quiescent conditions on the line are 
determined by the circuits and terminations, Zo is the ratio 
of transient voltage to transient current passing by a point 
on the line when a signal charge or other electrical distur- 
bance occurs. The relationship between transient voltage, 
transient current, characteristic impedance, and the distrib- 
uted parameters is expressed as follows: 


= |e 
Co 


where Lo = inductance per unit length, Co = capacitance 
per unit length. Zo is in ohms, Lo in Henries, Co in Farads. 


(3-1) 


Propagation Velocity 


Propagation velocity v and its reciprocal, delay per unit 
length 8, can also be expressed in terms of Lp and Co. A 
consistent set of units is nanoseconds, microhenries and 
picofarads, with a common unit of length. 


1 
=== & = yLoC 

LoCo oo 
Equations 3-1 and 3-2 provide a convenient means of deter- 
mining the Lo and Co, of a line when delay, length and im- 
pedance are known. For a length / and delay T, 6 is the ratio 
T/I. To determine Lo and Co, combine Equations 3-1 and 
3-2. 


v (3-2) 
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Lo = 820 
6 
Co = — 
0 Zi, 
More formal treatments of transmission line characteristics, 
including loss effects, are available from many sources.1-3 


(3-3) 
(3-4) 


Termination and Reflection 


A transmission line with a terminating resistor is shown in 
Figure 3-1, As indicated, a positive step function voltage 
travels from left to right. To keep track of reflection polari- 
ties, it is convenient to consider the lower conductor as the 
voltage reference and to think in terms of current flow in the 
top conductor only. The generator is assumed to have zero 
internal impedance. The initial current |, is determined by V, 
and Zo. 





LINE LENGTH=! 


DELAY =T= 1 
TL/F/9900-1 
FIGURE 3-1. Assigned Polarities and 
Directions for Determining Reflections 


If the terminating resistor matches the line impedance, the 
ratio of voltage to current traveling along the line is matched 
by the ratio of voltage to current which must, by Ohm’s law, 
always prevail at Ry. From the viewpoint of the voltage step 
generator, no adjustment of output current is ever required; 
the situation is as though the transmission line never existed 
and Rr had been connected directly across the terminals of 
the generator. From the Rr viewpoint, the only thing the line 
did was delay the arrival of the voltage step by the amount 
of time T. 


When Ry is not equal to Zo, the initial current starting down 
the line is still determined by V1 and Zo but the final steady 
state current, after all reflections have died out, is deter- 
mined by V; and Ry (ohmic resistance of the line is as- 
sumed to be negligible). The ratio of voltage to current in the 
initial wave is not equal to the ratio of voltage to current 
demanded by Rr. Therefore, at the instant the initial wave 
arrives at Ry, another voltage and current wave must be 
generated so that Ohm’s law is satisfied at the line- 
load interface. This reflected wave, indicated by V, and |; in 
Figure 3-1, starts to return toward the generator. Applying 





Termination and Reflection (Continue) 
Kirchoff’s laws to the end of the line at the instant the initial 
wave arrives, results in the following. 
1y + |, = Ip = current into Rr (3-5) 
Since only one voltage can exist at the end of the line at this 
instant of time, the following is true: 

VitVe = Vr 
VT _ Vit Vr 


th Ir = 
uS «IT Ry Rt 


uve 
0 
with the minus sign indicating that V; is moving toward the 


generator. 
Combining the foregoing relationships algebraically and 
solving for V, yields a simplified expression in terms of V;, 
Zp and Rr. 


also 


Zo 


x)* it 


~ nt — 20) 
Vr v, (Braz pPLV1 


The term in parenthesis is called the coefficient of reflection 
p. With Rr ranging between zero (shorted line) and infinity 
(open line), the coefficient ranges between —1 and +1 re- 
spectively. The subscript L indicates that p refers to the 
coefficient at the load end of the line. 


Equation 3-7 expresses the amount of voltage sent back 
down the line, and since 


then Vr = Vi (1 + py). 
Vr can also be determined from an expression which does 


not require the preliminary step of calculating p_. Manipulat- 
ing (1 + p_) results in 


Rr — Zo ( Rr ) 
1+ pp = 1+ —— = 2| —— 
PL Rr + Zo Rt + Zo 


Substituting in Equation 3-8 gives 
Rt ) 
V7 = 2|—-——— ] V 
. (= + Zo L 
The foregoing has the same form as a simple voltage divid- 


er involving a generator V, with internal impedance Zo driv- 
ing a load Ry, except that the amplitude of V7 is doubled. 


The arrow indicating the direction of V; in Figure 3-7 correct- 
ly indicates the V, direction of travel, but the direction of |, 
flow depends on the V, polarity. If V; is positive, |, flows 
toward the generator, opposing 14. This relationship be- 
tween the polarity of V,; and the direction of Ir can be de- 
duced by noting in Equation 3-7 that if V; is positive it is 
because Ry is greater than Zo. In turn, this means that the 
initial current |, is larger than the final quiescent current, 
dictated by V; and Ry. Hence, |, must oppose |; to reduce 
the line current to the final quiescent value. Similar reason- 
ing shows that if V, is negative, |, flows in the same direction 
as ly. 


(3-8) 


(3-9) 
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It is sometimes easier to determine the effect of V; on line 
conditions by thinking of it as an independent voltage gener- 
ator in series with Ry. With this concept, the direction of I, is 
immediately apparent; its magnitude, however, is the ratio of 
V_, to Zo, i.e., R7 is already accounted for in the magnitude of 
V,. The relationships between incident and reflected signals 
are represented in Figure 3-2 for both cases of mismatch 
between Rr and Zp. 


The incident wave is shown in Figure 3-2a, before it has 
reached the end of the line. In Figure 3-2b, a positive V, is 
returning to the generator. To the left of V,; the current is still 
ly, flowing to the right, while to the right of V, the net current 
in the line is the difference between I, and |. In Figure 3-2c, 
the reflection coefficient is negative, producing a negative 
V,. This, in turn, causes an increase in the amount of current 
flowing to the right behind the V, wave. 


Vv 


v1 


DISTANCE 


TL/F/9900-2 
a. Incident Wave 


Vr I= lr 
oP 


TL/F/9900-3 
b. Reflected Wave for Rt > Zp 





TL/F/9900-4 


c. Reflected Wave for Rr < Zp 
FIGURE 3-2. Reflections for Ry * Zo 
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Source Impedance, Multiple Reflections 


When a reflected voltage arrives back at the source (gener- 
ator), the reflection coefficient at the source determines the 
response to V;. The coefficient of reflection at the source is 
governed by Zp and the source resistance Rs. 

Rs — Zo 
Pe Bs + Zo 

Ss 0 

If the source impedance matches the line impedance, a re- 
flected voltage arriving at the source is not reflected back 
toward the load end. Voltage and current on the line are 
stable with the following values. 
Vr = Vi + V,andly = h - 1, (3-11) 
If neither source impedance nor terminating impedance 
matches Zo, multiple reflections occur; the voltage at each 
end of the line comes closer to the final steady state value 
with each succeeding reflection. An example of a line mis- 
matched on both ends is shown in Figure 3-3. The source is 
a step function of 1V amplitude occurring at time to. The 
initial value of V1 starting down the line is 0.75V due to the 
voltage divider action of Zg and Rg. The time scale in the 
photograph shows that the line delay is approximately 6 ns. 
Since neither end of the line is terminated in its characteris- 
tic impedance, multiple reflections occur. 


The amplitude and persistence of the ringing shown in Fig- 
ure 3-3 become greater with increasing mismatch between 
the line impedance and source and load impedances. Re- 


Rs=312 


(3-10) 


Zo = 930 


TL/F/9900-5 


31 — 93 


_ 31-93 _ co — 93 _ 
PS” 31 + 93 


-0.5 PL=saa 7 


+1 


93 
Initially: V4 = eae #Vo = +501 = 0.75V 


o + Rs 





H = 20 ns/div 


V=0.5 Vidiv 


TL/F/9900-6 
FIGURE 3-3. Multiple Reflections Due to 
Mismatch at Load and Source 
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ducing Rg (Figure 3-3) to 132 increases pg to —0.75V, and 
the effects are illustrated in Figure 3-4. The initial value of 
Vr is 1.8V with a reflection of 0.9V from the open end. When 
this reflection reaches the source, a reflection of 0.9V x 
—0.75V starts back toward the open end. Thus, the second 
increment of voltage arriving at the open end is negative 
going. In turn, a negative-going reflection of 0.9V x —0.75V 
starts back toward the source. This negative increment is 
again multiplied by —0.75 at the source and returned 
toward the open end. It can be deduced that the difference 
in amplitude between the first two positive peaks observed 
at the open end is 


Vr ~ Vit = (1+ pu) Vi — (1 + pL) V4 2 p2s 

= (1 + pL) Vi (1 — pL p2s). 
The factor (1 — p2, p2g) is similar to the damping factor 
associated with lumped constant circuitry. It expresses the 
attenuation of successive positive or negative peaks of ring- 


(3-12) 


H = 20 ns/div 
V=0.4 Vidiv 
TL/F/9900-7 
FIGURE 3-4. Extended Ringing when Rg 
of Figure 3-3 is Reduced to 139 


Lattice Diagram 


In the presence of multiple reflections, keeping track of the 
incremental waves on the line and the net voltage at the 
ends becomes a bookkeeping chore. A convenient and sys- 
tematic method of indicating the conditions which combines 
magnitude, polarity and time utilizes a graphic construction 
called a lattice diagram.‘ A lattice diagram for the line condi- 
tions of Figure 3-3 is shown in Figure 3-5. 


The vertical lines symbolize discontinuity points, in this case 
the ends of the line. A time scale is marked off on each line 
in increments of 2T, starting at to for V1 and T for V7. The 
diagonal lines indicate the incremental voltages traveling 
between the ends of the line; solid lines are used for posi- 
tive voltages and dashed lines for negative. It is helpful to 
write the reflection and transmission multipliers p and 
(1+ p) at each vertical line, and to tabulate the incremental 
and net voltages in columns alongside the vertical lines. 
Both the lattice diagram and the waveform photograph 
show that V; and V+ asymptotically approach 1V, as they 
must with a 1V source driving an open-ended line. 





Lattice Diagram (Continueq) 


vi 
(1+p)= +05 


Vr 
(1+p)— +2 
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t=to 


+0.375V 
+1125 V 


—0.75V 
+0.75V 


— 0.188 V 
+0.937V 


+0.375V 
+1.125V 


+0.094V 
+1.031V 


~ 0.188 V 
+ 0.937 V 


~0.047V 
+ 0.984 V 


+0,094V 
+ 1.031 V 
TL/F/9900-8 
FIGURE 3-5. Lattice Diagram for the Circuit of Figure 3-3 


Shorted Line 


The open-ended line in Figure 3-3 has a reflection coeffi- 
cient of +1 and the successive reflections tend toward the 
steady state conditions of zero line current and a line volt- 
age equal to the source voltage. In contrast, a shorted line 
has a reflection coefficient of — 1 and successive reflections 
must cause the line conditions to approach the steady state 
conditions of zero voltage and a line current determined by 
the source voltage and resistance. 


Shorted line conditions are shown in Figure 3-6a with the 
reflection coefficient at the source end of the line also nega- 
tive. A negative coefficient at both ends of the line means 
that any voltage approaching either end of the line is reflect- 
ed in the opposite polarity. Figure 3-6b shows the response 
to an input step-function with a duration much longer than 
the line delay. The initial voltage starting down the line is 
about +0.75V, which is inverted at the shorted end and 
returned toward the source as —0.75V. Arriving back at the 
source end of the line, this voltage is multiplied by (1 + ps), 
causing a —0.37V net change in Vj. Concurrently, a reflect- 
ed voltage of +0.37V (—0.75V times ps of —0.5) starts 
back toward the shorted end of the line. The voltage at V; is 
reduced by 50% with each successive round trip of reflec- 
tions, thus leading to the final condition of zero volts on the 
line. 


When the duration of the input pulse is less than the delay 
of the line, the reflections observed at the source end of the 
line constitute a train of negative pulses, as shown in Figure 
3-6c. The amplitude decreases by 50% with each succes- H = 10 nsidiv 


sive occurrence as it did in Figure 3-6b. V=0.2 Vidiv 
TL/F/9900~11 


c. Input Pulse Duration < Line Delay 


H = 10 ns/div 
V =0.2 Vidiv 


TL/F/9900-10 


b. Input Pulse Duration > Line Delay 
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a. Reflection Coefficients for Shorted Line 
FIGURE 3-6. Reflections of Long and Short Pulses on a Shorted Line 
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Series Termination 


Driving an open-ended line through a source resistance 
equal to the line impedance is called series termination. It is 
particularly useful when transmitting signals which originate 
on a PC board and travel through the backplane to another 
board, with the attendant discontinuities, since reflections 
coming back to the source are absorbed and ringing thereby 
controlled. Figure 3-7 shows a 930. line driven from a 1V 
generator through a source impedance of 932. The photo- 
graph illustrates that the amplitude of the initial signal sent 
down the line is only half of the generator voltage, while the 
voltage at the open end of the line is doubled to full ampli- 
tude (1 + p_ = 2). The reflected voltage arriving back at 
the source raises V1 to the full amplitude of the generator 
signal. Since the reflection coefficient at the source is zero, 
no further changes occur and the line voltage is equal to the 
generator voltage. Because the initial signal on the line is 
only half the normal signal swing, the loads must be con- 
nected at or near the end of the line to avoid receiving a 2- 
step input signal. 

An ECL output driving a series terminated line requires a 
pull-down resistor to Veg, as indicated in Figure 3-8, The 
resistor Ro shown in Figure 3-8 symbolizes the output resist- 
ance of the ECL gate. The relationships between Ro, Rs, Re 
and Zp are discussed in Chapter 4. 

ig 


As =930 290930 
TL/F/9900-12 
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H= 10 nsidiv 
V =0.4 Vidiv 


TL/F/9900~13 
FIGURE 3-7. Series Terminated Line and Waveforms 


Ro Rs Zo 


RE 


Vee 
TL/F/9900-14 
FIGURE 3-8. ECL Element Driving 
a Series Terminated Line 


Extra Delay with Termination 


Capacitance 


Designers should consider the effect of the load capaci- 
tance at the end of the line when using series termination. 
Figure 3-9 shows how the output waveform changes with 
increasing load capacitance. Figure 3-9b shows the effect 
of load capacitances of 0, 12, 24, 48 pF. With no load, the 
delay between the 50% points of the input and output is just 
the line delay T. A capacitive load at the end of the line 
causes an extra delay AT due to the increase in rise time of 
the output signal. The midpoint of the output is used as a 
criterion because the propagation delay of an ECL circuit is 
measured between the 50% points of the input and output 
signals. 


TL/F/8900-15 
a. Serles Terminated Line with Load Capacitance 
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H=1nsidiv 
V=0.2 Vidiv 


TL/F/9900-16 
b. Output Rise Time Increase with 
Increasing Load Capacitance 


OUTPUT 


TL/F/9900-17 
c. Extra Delay AT Due to Rise Time Increase 


FIGURE 3-9. Extra Delay with Termination Capacitance 





Extra Delay with Termination Capacitance (Continued) 
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a. Thevenin Equivalent for 
Serles Terminated Case 
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TL/F/9900-19 
b. Thevenin Equivalent for 
Parallel Terminated Case 
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c. Equations for Input and Output Voltages 


FIGURE 3-10. Determining the Effect 
of End-of-Line Capacitance 
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The increase in propagation delay can be calculated by us- 
ing a ramp approximation for the incident voltage and char- 
acterizing the circuit as a fixed impedance in series with the 
load capacitance, as shown in Figure 3-10. One general 
solution serves both series and parallel termination cases 
by using an impedance Z’ and a time constant 7, defined in 
Figure 3-10a and 3-10b. Calculated and observed increases 
in delay time to the 50% point show close agreement when 
7 is less than half the ramp time. At large ratios of t/a 
(where a = ramp time), measured delays exceed calculated 
values by approximately 7%. Figure 3-17, based on mea- 
sured values, shows the increase in delay to the 50% point 
as a function of the Z’C time constant, both normalized to 
the 10% to 90% rise time of the input signal. As an example 
of using the graph, consider a 1002 series terminated line 
with 30 pF load capacitance at the end of the line and a no- 
load rise time of 3 ns for the input signal. From Figure 3-70a, 
Z' is equal to 1009; the ratio Z’C/t, is 1. From the graph, 
the ratio AT/t, is 0.8. Thus the increase in the delay to the 
50% point of the output waveform is 0.8 t,, or 2.4 ns, which 
is then added to the no-load line delay T to determine the 
total delay. 


Had the 10002 line in the foregoing example been parallel 
rather than series terminated at the end of the line, Z’ would 
be 509. The added delay would be only 1.35 ns with the 
same 30 pF loading at the end. The added delay would be 
only 0.75 ns if the line were 509 and parallel terminated. 
The various trade-offs involving type of termination, line im- 
pedance, and loading are important considerations for crit- 
ical delay paths. 


DELAY INCREASE, NORMALIZED — ATit, 





0 0.5 1.0 1.5 2.0 2.5 
LINE-LOAD TIME CONSTANT, NORMALIZED —Z’ Cit, 
TL/F/9900-21 
FIGURE 3-11. Increase in 50% Point Delay Due 
to Capacitive Loading at the End 
of the Line, Normalized to T, 
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Transmission Line Concepts 


Distributed Loading Effects on Line Characteristics 


When capacitive loads such as ECL inputs are connected 
along a transmission line, each one causes a reflection with 
a polarity opposite to that of the incident wave. Reflections 
from two adjacent loads tend to overlap if the time required 
for the incident wave to travel from one load to the next is 
equal to or less than the signal rise time.5 Figure 3-12a 
illustrates an arrangement for observing the effects of ca- 
pacitive loading, while Figure 3-12b shows an incident wave 
followed by reflections from two capacitive loads. The two 
capacitors causing the reflections are separated by a dis- 
tance requiring a travel time of 1 ns. The two reflections 
return to the source 2 ns apart, since it takes 1 ns longer for 
the incident wave to reach the second capacitor and an 
additional 1 ns for the second reflection to travel back to the 
source. In the upper trace of Figure 3-12b, the input signal 
rise time is 1 ns and there are two distinct reflections, al- 
though the trailing edge of the first overlaps the leading 
edge of the second. The input rise time is longer in the 
middle trace, causing a greater overlap. In the lower trace, 
the 2 ns input rise time causes the two reflections to merge 
and appear as a single reflection which is relatively constant 
(at ~ —10%) for half its duration. This is about the same 
reflection that would occur if the 932. line had a middle sec- 
tion with an impedance reduced to 750. 


With a number of capacitors distributed all along the line of 
Figure 3-12a, the combined reflections modify the observed 
input waveform as shown in the top trace of Figure 3-12c. 
The reflections persist for a time equal to the 2-way line 
delay (15 ns), after which the line voltage attains its final 
value. The waveform suggests a line terminated with a re- 
sistance greater than its characteristic impedance (Ry > 


Rs =932 


Zo). This analogy is strengthened by observing the effect of 
reducing Rt from 93 to 759, which leads to the middle 
waveform of Figure 3-72c. Note that the final (steady state) 
value of the line voltage is reduced by about the same 
amount as that caused by the capacitive reflections. In the 
lower trace of Figure 3-12c the source resistance Reg is re- 
duced from 9320 to 75M, restoring both the initial and final 
line voltage values to the same amplitude as the final value 
in the upper trace. From the standpoint of providing a de- 
sired signal voltage on the line and impedance matching at 
either end, the effect of distributed capacitive loading can 
be treated as a reduction in line impedance. 


The reduced line impedance can be calculated by consider- 
ing the load capacitance C,_ as an increase in the intrinsic 
line capacitance Co along that portion of the line where the 
loads are connected.§ Denoting this length of line as /, the 
distributed value Cp of the load capacitance is as follows. 


CL 
Cp = — 
ay 


Cp is then added to Cg in Equation 3-71 to determine the 
reduced line impedance Zo. 


Zn = ft a 
: Co + Cp at = 


44+ 22 
Co (3-13) 
[Lo 
CG 
rae &, = a. 
HSE cli ae 
0 0 
932 





mee tr=1ns 





eee t= 1.5nS 


=2ns/div 
=0.25 Vidiv 
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b. Capacitive Reflections Merging 
as Rise Time Increases 


TL/F/9900-22 





5 nsidiv 
0.25 Vidiv 


H= 
V= 


TL/F/9900-24 
c. Matching the Altered Impedance 
of a Capacitively Loaded Line 


FIGURE 3-12. Capacitive Reflections and Effects on Line Characteristics 


Distributed Loading Effects on 
Line Characteristics (Continued) 


In the example of Figure 3-12c, the total load capacitance is 
33 pF while the total intrinsic line capacitance /Co is 60 pF. 
(Note that the ratio Cp/Co is the same as C,//Co.) The 
calculated value of the reduced impedance is thus 


pie 99 93 

eee ee 
33 (1.55 
1+ 


60 


This correlates with the results observed in Figure 3-12c 
when Ry and Rs are reduced to 752. 


The distributed load capacitance also increases the line de- 
lay, which can be calculated from Equation 3-2. 


pues \locoft + 2 
=5,/1 pio a 


The line used in the example of Figure 3-12c has an intrinsic 
delay of 6 ns and a loaded delay of 7.5 ns which checks 
with Equation 3-15. 


15’ = /8 ¥1.55 = 6 1.55 = 7.5ns (3-16) 
Equation 3-15 can be used to predict the delay for a given 
line and load. The ratio Cp/Co (hence the loading effect) 
can be minimized for a given loading by using a line with a 
high intrinsic capacitance Co. 


A plot of Z' and 8’ for a 50 line as a function of Cp is 
shown in Figure 3-13. This figure illustrates that relatively 
modest amounts of load capacitance will add appreciably to 
the propagation delay of a line. In addition, the characteris- 
tic impedance is reduced significantly. 


= 750 (3-14) 


(3-15) 


60 


6' = 1.776 nsift 
Cp =2.9 pFiin 


6— PROPAGATION DELAY—nsi/ft 
29’ —CHARACTERISTIC IMPEDANCE—2 





Co DISTRIBUTED CAPACITANCE— pFiin 


TL/F/9900-25 
FIGURE 3-13. Capacitive Loading 
Effects on Line Delay and Impedance 


Worst case reflections from a capacitively loaded section of 
transmission line can be accurately predicted by using the 
modified impedance of Equation 3-9.6 When a signal origi- 
nates on an unloaded section of line, the effective reflection 
coefficient is as follows. 
Z'9 — Zo 


Z'9 + Zo Cay) 


p= 
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Mismatched Lines 


Reflections occur not only from mismatched load and 
source impedances but also from changes in line imped- 
ance. These changes could be caused by bends in coaxial 
cable, unshielded twisted-pair in contact with metal, or mis- 
match between PC board traces and backplane wiring. With 
the coax or twisted-pair, line impedance changes run about 
5% to 10% and reflections are usually no problem since the 
percent reflection is roughly half the percent change in im- 
pedance. However, between PC board and backplane wir- 
ing, the mismatch can be 2 or 3 to 1. This is illustrated in 
Figure 3-14 and analyzed in the lattice diagram of Figure 
3-75. Line 1 is driven in the series terminated mode so that 
reflections coming back to the source are absorbed. 
The reflection and transmission at the point where imped- 
ances differ are determined by treating the downstream line 
as though it were a terminating resistor. For the example of 
Figure 3-14, the reflection coefficient at the intersection of 
lines 1 and 2 for a signal traveling to the right is as follows. 
Z2—Z1 _ 93 — 50 
P12 = - ne 
Zo + 24 143 
Thus the signal reflected back toward the source and the 
ya continuing along line 2 are, respectively, as follows. 
= pia V1 = +0.3Vy (3-19a) 
Vo = (1 + pyo) V4 = +1.3 Vy (3-19b) 
At the intersection of lines 2 and 3, the reflection coefficient 
for signals traveling to the right is determined by treating Z3 
as a terminating resistor. 
Z3—-Zo 39-93 
= > = = 041 
Rea 2a 2o | tee 
When V2 arrives at this point, the reflected and transmitted 
signals are as follows. 
2r = p23 V2= —0.41 V2 
= (—0.41) (1.3) Vy 
= —0.53 Vy 
V3 = (1 + pag) V2 = 
= (0.59) (1.3) Vy 
= 0.77 V1 
Voltage V3 is doubled in magnitude when it arrives at the 
open-ended output, since p, is + 1. This effectively cancels 
the voltage divider action between Rg and 2}. 
V4 = (1 + pi) V3 = (1 + pr) (1 + p23) V2 
= (1 + pi) (1 + pag) (1 + p12) V4 


V 
= (1 + put + pea) (1 + pid 


V4 = (1 + pag) (1 + p12) Vo 

Thus, Equation 3-22 is the general expression for the initial 
step of output voltage for three lines when the input is series 
terminated and the output is open-ended. 


= +0.3 


(3-18) 


(3-20) 


(3-21a) 


0.59 Vo 
(3-21b) 


(3-22) 
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Transmission Line Concepts 


Mismatched Lines (continued) 


Note that the reflection coefficients at the intersections of 
lines 1 and 2 and lines 2 and 3 in Figure 3-15 have reversed 
signs for signals traveling to the left. Thus the voltage re- 
flected from the open output and the signal reflecting back 
and forth on line 2 both contribute additional increments of 
output voltage in the same polarity as Vo. Lines 2 and 3 
have the same delay time; therefore, the two aforemen- 
tioned increments arrive at the output simultaneously at 
time 5T on the lattice diagram (Figure 3-15). 


in the general case of series lines with different delay times, 
the vertical lines on the lattice diagram should be spaced 
apart in the ratio of the respective delays. Figure 3-16 
shows this for a hypothetical case with delay ratios 1:2:3. 
For a sequence of transmission lines with the highest im- 


Rs = 509 Z1= 500 


fv 


Py2= +0.3 
Paya -0.3 


pedance line in the middle, at least three output voltage 
increments with the same polarity as Vo occur before one 
can occur of opposite polarity. On the other hand, if the 
middle line has the lowest impedance, the polarity of the 
second increment of output voltage is the opposite of Vo. 
The third increment of output voltage has the opposite po- 
larity, for the time delay ratios of Figure 3-76. 


When transmitting logic signals, it is important that the initial 
step of line output voltage pass through the threshold region 
of the receiving circuit, and that the next two increments of 
output voltage augment the initial step. Thus in a series ter- 
minated sequence of three mismatched lines, the middle 
line should have the highest impedance. 


Z3 2392 


tvs 


P23= —0.41 
P32= +0.41 


TL/F/9900-26 


H = 20ns/div 
V=0.4 Vidiv 
TL/F/9900-27 


FIGURE 3-14. Reflections from Mismatched Lines 


vi V2 
p=0 


$42= +0.3 
ba4= -0.3 


V3 
P23= - 0.44 
$32= +0.41 


V4 
P_r=1 (1+PL)= +2 


<—,;—> 


~ 207 Vv 
~», ETC. 
TL/F/9900-28 


FIGURE 3-15. Lattice Diagram for the Circuit of Figure 3-14 





7-30 


Mismatched Lines (Continued) 


TL/F/9900-29 


FIGURE 3-16. Lattice Diagram for Three Lines with Delay Ratlos 1:2:3 


Rise Time versus Line Delay 


When the 2-way line delay is less than the rise time of the 
input wave, any reflections generated at the end of the line 
are returned to the source before the input transition is com- 
pleted. Assuming that the generator has a finite source re- 
sistance, the reflected wave adds algebraically to the input 
wave while it is still in transition, thereby changing the shape 
of the input. This effect is illustrated in Figure 3-17, which 
shows input and output voltages for several comparative 
values of rise time and line delay. 


In Figure 3-17b where the rise time is much shorter than the 
line delay, V; rises to an initial value of 1V. At time T later, 
V7 rises to 0.5V,i.e., 1 + pl. = 0.5. The negative reflection 
arrives back at the source at time 2T, causing a net change 
of —0.4V, i.e., (1 + ps) (-0.5) = —0.4. 

The negative coefficient at the source changes the polarity 
of the other 0.1V of the reflection and returns it to the end of 
the line, causing V7 to go positive by another 50 mV at time 
3T. The remaining 50 mV is inverted and reflected back to 
the source, where its effect is barely distinguishable as a 
small negative change at time 4T. 

In Figure 3-17c, the input rise time (0% to 100%) is in- 
creased to such an extent that the input ramp ends just as 
the negative reflection arrives back at the source end. Thus 
the input rise time is equal to 2T. 


The input rise time is increased to 4T in Figure 3-17d, with 
the negative reflection causing a noticeable change in input 
slope at about its midpoint. This change in slope is more 
visible in the double exposure photo of Figure 3-17e, which 
shows V; (t, still set for 4T) with and without the negative 
reflection. The reflection was eliminated by terminating the 
line in its characteristic impedance. 
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The net input voltage at any particular time is determined by 
adding the reflection to the otherwise unaffected input. It 
must be remembered that the reflection arriving back at the 
input at a given time is proportional to the input voltage at a 
time 2T earlier. The value of Vy in Figure 3-17d can be 
calculated by starting with the 1V input ramp. 


(3-23) 


Vy = set forO <t <4T 
vr 


=1V_ fort> 4T 
The reflection from the end of the line is 
yoset (t — Zu) 
tr 
the portion of the reflection that appears at the input is 
(1 + ps) pi (t — 27), 
tr : 
the net value of the input voltage is the sum. 


t 1+ + t — 2T 
vi at Wes) + ett 27) 

tr tr 
The peak value of the input voltage in Figure 3-174 is deter- 
mined by substituting values and letting t equal 4T. 
(0.8) (—0.5) (4T — 2T) 

tr 

1 — 0.4 (0.5) = 0.8V . 
After this peak point, the input ramp is no longer increasing 
but the reflection is still arriving. Hence the net value of the 
input voltage decreases. In this example, the later reflec- 
tions are too small to be detected and the input voltage is 
thus stable after time 6T. For the general case of repeated 
reflections, the net voltage V1(t) seen at the driven end of 
the line can be expressed as follows, where the signal 
caused by the generator is V4 1). 


(3-24) 
(3-25) 


Vi= 


(3-26) 


Vy=1+ (3-27) 
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Rise Time versus Line Delay (Continued) 
Va) = Vit) The voltage at the output end of the line is expressed in a 
ford <t < 2T similar manner. 
V'4@y = Vay + (1+ ps) PL V4(t—27) Vii) = 0 
for2T <t<4T forO<t<T 
V'4q) = Vay + (1 + ps) pL Viqt—2T) Vr) = (1 + pL) V4t—T) 
+ (1 + ps) pspL? Via—47) for? <t<3T 
for 4T <t <6T Vay = (1 + pL V4(t—-7) 
V'4qy = Vaqy + 1 + ps) pL V10—27) +(1 + pL) pspL V1¢t-37) 
+ (1+ ps) pspL? V4(t—47) for3T <t<5T 
+ (1 + ps) ps?pc3 V4 (t-6T) Vay = (1 + pL) Vat — 7) 
for 6T < t < 8T, etc. + (1 + pL) PsPLV1(¢¢—-37) 
+ (1 + pr) ps?pL? Vi(t—st) 
for5T <t<7T, ete. 


Ps= -0.2 PL = —-0.5 
TL/F/9900-30 
a. Test Arrangement for Rise Time Analysis 


H = 10 ns/div H= 10nsi/div 
V=0.5 Vidiv V=0.5 Vidiv 


TL/F/9900-31 TL/F/9900-33 
b. Line Voltages for t, < T d. Line Voltages for t, = 4T 


H= 10 ns/div H=10nsidiv 
V=0.5 Vidiv V=0.5 Vidiv 


TL/F/9900-32 TL/F/9900-34 
c. Line Voltages for t, = 2T e. Input Voltage with and without Reflection 


FIGURE 3-17. Line Voltages for Various Ratios of Rise Time to Line Delay 
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Ringing 

Multiple reflections occur on a transmission line when nei- 
ther the signal source impedance nor the termination (load) 
impedance matches the line impedance. When the source 
reflection coefficient pg and the load reflection coefficient 
pt are of opposite polarity, the reflections alternate in polari- 
ty. This causes the signal voltage to oscillate about the final 
steady state value, commonly recognized as ringing. 


When the signal rise time is long compared to the line delay, 
the signal shape is distorted because the individual reflec- 
tions overlap in time. The basic relationships among rise 
time, line delay, overshoot and undershoot are shown ina 
simplified diagram, Figure 3-18. The incident wave is a ramp 
of amplitude B and rise duration A. The reflection coefficient 
at the open-ended line output is +1 and the source reflec- 
tion coefficient is assumed to be —0.8, i.e., Ro = Zo/9. 


Figure 3-18b shows the individual reflections treated sepa- 
rately. Rise time A is assumed to be three times the line 
delay T. The time scale reference is the line output and the 
first increment of output voltage Vo rises to 2B in the time 
interval A. Simultaneously, a positive reflection (not shown) 
of amplitude B is generated and travels to the source, 
whereupon it is multiplied by —0.8 and returns toward the 
end of the line. This negative-going ramp starts at time 2T 
(twice the line delay) and doubles to — 1.6B at time 2T + A. 


The negative-going increment also generates a reflection of 
amplitude —0.8B which makes the round trip to the source 
and back, appearing at time 4T as a positive ramp rising to 
+1.28B at time 4T + A. The process of reflection and re- 
reflection continues, and each successive increment chang- 
es in polarity and has an amplitude of 80% of the preceding 
increment. 


TL/F/9900-35 


a. Ramp Generator Driving Open-Ended Line 
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b. Increments of Output Voltage Treated Individually 


9T 10T WT #12T 137 


TL/F/9900-37 


c. Net Output Signal Determined by Superposition 
FIGURE 3-18. Basic Relationships Involved In Ringing 
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Transmission Line Concepts 


Ringing (Continued) 

In Figure 3-18c, the output increments are added algebrai- 
cally by superposition. The starting point of each increment 
is shifted upward to a voltage value equal to the algebraic 
sum of the quiescent levels of all the preceding increments 
(.e., 0, 2B, 0.4B, 1.68B, etc.). For time intervals when two 
ramps occur simultaneously, the two linear functions add to 
produce a third ramp that prevails during the overlap time of 
the two increments. 


It is apparent from the geometric relationships, that if the 
ramp time A is less than twice the line delay, the first output 
increment has time to rise to the full 2B amplitude and the 
second increment reduces the net output voltage to 0.4B. 
Conversely, if the line delay is very short compared to the 
ramp time, the excursions about the final value Vg are 
small. 


Figure 3-18c shows that the peak of each excursion is 
reached when the earlier of the two constituent ramps 
reaches its maximum value, with the result that the first 
peak occurs at time A. This is because the earlier ramp has 
a greater slope (absolute value) than the one that follows. 


Actual waveforms such as produced by ECL or TTL do not 
have a constant slope and do not start and stop as abruptly 
as the ramp used in the example of Figure 3-78. Predicting 
the time at which the peaks of overshoot and undershoot 
occur is not as simple as with ramp excitation. A more rigor- 
ous treatment is required, including an expression for the 
driving waveform which closely simulates its actual shape. 
In the general case, a peak occurs when the sum of the 
slopes of the individual signal increment is zero. 


Summary 


The foregoing discussions are by no means an exhaustive 
treatment of transmission line characteristics. Rather, they 
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are intended to focus attention on the general methods 
used to determine the interactions between high-speed log- 
ic circuits and their interconnections. Considering an inter- 
connection in terms of distributed rather than lumped induc- 
tance and capacitance leads to the line impedance concept, 
i.e., mismatch between this characteristic impedance and 
the terminations causes reflections and ringing. 


Series termination provides a means of absorbing reflec- 
tions when it is likely that discontinuities and/or line imped- 
ance changes will be encountered. A disadvantage is that 
the incident wave is only one-half the signal swing, which 
limits load placement to the end of the line. ECL input ca- 
pacitance increases the rise time at the end of the line, thus 
increasing the effective delay. With parallel termination, i-e., 
at the end of the line, loads can be distributed along the line. 
ECL input capacitance modifies the line characteristics and 
should be taken into account when determining line delay. 
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Chapter 4 
System Considerations 


Introduction 


All of National’s ECL input and output impedances are de- 
signed to accommodate various methods of driving and ter- 
minating interconnections. Controlled wiring impedance 
makes it possible to use simplified equivalent circuits to de- 
termine limiting conditions. Specific guidelines and recom- 
mendations are based on assumed worst-case combina- 
tions. Many of the recommendations may seem conserva- 
tive, compared to typical observations, but the intent is to 
help the designer achieve a reliable system in a reasonable 
length of time with a minimum amount of redesign. 


PC Board Transmission Lines 


Strictly speaking, transmission lines are not always required 
for F100K ECL but, when used, they provide the advan- 
tages of predictable interconnect delays as well as reflec- 
tion and ringing control through impedance matching. Two 
common types of PC board transmission lines are microstrip 
and stripline, Figure 4-7. Stripline requires multilayer con- 
struction techniques; microstrip uses ordinary double-clad 
boards. Other board construction techniques are wire wrap, 
stitch weld and discrete wired. 


SIGNAL 
TRACE 


if 


AC GROUND 
TL/F/9901-1 
a. Microstrip 


Stripline, Figure 4-1b, is used where packing density is a 
high priority because increasing the interconnect layers pro- 
vides short signal paths. Boards with as many as 14 layers 
have been used in ECL systems. 


Microstrip offers easier fabrication and higher propagation 
velocity than stripline, but the routing for a complex system 
may require more design effort. In Figure 4-7a, the ground 
plane can be a part of the Veg distribution as long as ade- 
quate bypassing from Veg to Vcc (ground) is provided. Also, 
signal routing is simplified and an extra voltage plane is ob- 
tained by bonding two microstrip structures back to back, 
Figure 4-1c. 

Microstrip 

Equation 4-1 relates microstrip characteristic impedance to 
the dielectric constant and dimensions.! Electric field fring- 
ing requires that the ground extend beyond each edge of 
the signal trace by a distance no less than the trace width. 


a a 
0 W047 e, ¥ 0.67) \0.6700.8w +H) (4.4) 


- ( 87 J in( 5.98 h ) 

ve, + 1.41 0.8w+t 

where h = dielectric thickness, w = trace width, t = trace 
thickness, €, = board material dielectric constant relative to 
air. 
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b. Stripline 
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c. Composite Microstrip 
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FIGURE 4-1. Transmission Lines on Circuit Boards 
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System Considerations 


PC Board Transmission Lines (continued) 


Equation 4-1 was developed from the impedance formula 
for a wire over ground plane transmission line, Equation 4-2. 


r= (2)n(2) 2 


where d = wire diameter, h = distance from ground to wire 
center. 


Comparing Equation 4-1 and 4-2, the term 0.67 (0.8 w + t) 
shows the equivalence between a round wire and a rectan- 
gular conductor. The term 0.475 e, + 0.67 is the effective 
dielectric constant for microstrip €g, considering that a mi- 
crostrip line has a compound dielectric consisting of the 
board material and air. The effective dielectric constant is 
determined by measuring propagation delay per unit of line 
length and using the following relationship. 

8 = 1.016 © Jeg ns/ft (4-3) 
where 5 = propagation delay, ns/ft. 
Propagation delay is a property of the dielectric material 
rather than line width or spacing. The coefficient 1.016 is 
the reciprocal of the velocity of light in free space. Propaga- 
tion delay for microstrip lines on glass-filled G-10 epoxy 
boards is typically 1.77 ns/ft, yielding an effective dielectric 
constant of 3.04. 
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TL/F/9901-4 
FIGURE 4-2. Microstrip Impedance 
Versus Trace Width, G-10 Epoxy 

Using €, = 5.0 in Equation 4-1, Figure 4-2 provides micros- 
trip line impedance as a function of width for several G-10 
epoxy board thicknesses. Figure 4-3 shows the related Co 
values, useful for determining capacitive loading effects on 
line characteristics, (Equation 3-15). 


System designers should ascertain tolerances on board di- 
mensions, dielectric constant and trace width etching in or- 
der to determine impedance variations. If conformal coating 
is used the effective dielectric constant of microstrip is in- 
creased, depending on the coating material and thickness. 


5= 0.148 nsi/in 


Co — DISTRIBUTED CAPACITANCE — pF/INCH 


’ Zp — CHARACTERISTIC IMPEDANCE — 2 


TL/F/9901-5 
FIGURE 4-3. Microstrip Distributed Capacitance 
Versus Impedance, G-10 Epoxy 

Stripline 
Stripline conductors are totally embedded. As a react the 
board material determines the dielectric constant. G-10 
epoxy boards have a typical propagation delay of 2.26 ns/ft. 
Equation 4-4 is used to calculate stripline impedances.1.2 


z= (Z)in (cersasess) - 


where b = distance between ground planes, w = trace 
width, t = trace thickness, w/(b-t) < 0.35 and t/b < 0.25. 
Figure 4-4 shows stripline impedance as a function of trace 
width, using Equation 4-4 and various ground plane separa- 
tions for G-10 glass-filled epoxy boards. Related values of 
Co are plotted in Figure 4-5. 


t=0.0014” 


Zo — CHARACTERISTIC IMPEDANCE — 0 
a 
—) 


0.050 0.010 0.015 0.020 0.025 
| TRACE WIDTH — INCHES 
TL/F/9901-6 
FIGURE 4-4. Stripline Impedance 
Versus Trace Width, G-10 Epoxy 





PC Board Transmission Lines (ontinuea) 


Co — DISTRIBUTED CAPACITANCE — pF/INCH 


Zo — CHARACTERISTIC IMPEDANCE — 0 


TL/F/9901-7 
FIGURE 4-5. Stripline Distributed Capacitance 
Versus Impedance, G-10 Epoxy 


Wire Wrap 


Wire-wrap boards are commercially available with three 
voltage planes, positions for several 24-pin Dual-In-Line 
Packages (DIP), terminating resistors, and decoupling ca- 
pacitors. The devices are mounted on socket pins and inter- 
connected with twisted pair wiring. One wire at each end of 
the twisted pair is wrapped around a signal pin, the other 
around a ground pin. The #30 insulated wire is uniformly 
twisted to provide a nominal 93N impedance line. Positions 
for Single-In-Line Package (SIP) terminating resistors are 
close to the inputs to provide good termination characteris- 
tics. 


Stitch Weld 


Stitch-weld boards are commercially available with three 
voltage planes and buried resistors between planes. The 
devices are mounted on terminals and interconnected with 
insulated wires that are welded to the backside of the termi- 
nals. The insulated wires are placed on a controlled thick- 
ness over the ground plane to provide a nominal impedance 
of 50. The boards are available for both DIPs and flatpaks. 
Use of flatpaks can increase package density and provide 
higher system performance. 


Discrete Wired 


Custom Multiwire* boards are available with integral power 
and ground planes. Wire is placed on a controlled thickness 
above the ground plane to obtain a nominal impedance line 
of 552. Then holes are drilled through the wire and board. 
Copper is deposited in the drilled holes by an additive-elec- 
trolysis process which bonds ‘each wire to the wall of the 
holes. Devices are soldered on the board to make connec- 
tion to the wires. 

*Multiwire is a registered trademark of the Multiwire Corporation. 


Parallel Termination 


Terminating a line at the receiving end with a resistance 
equal to the characteristic line impedance is called parallel 
termination, Figure 4-6a. F100K circuits do not have internal 
pull-down resistors on outputs, so the terminating resistor 
must be returned to a voltage more negative than Vo, to 
establish the LOW-state output voltage from the emitter fol- 
lower. A —2V termination return supply is commonly used. 
This minimizes power consumption and correlates with 
standard test specifications for ECL circuits. A pair of resis- 
tors connected in series between ground (Vcc) and the Veg 
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supply can provide the Thevenin equivalent of a single re- 
sistor to —2V if a separate termination supply is not avail- 
able, Figure 4-6b. The average power dissipation in the 
Thevenin equivalent resistors is about 10 times the power 
dissipation in the single resistor returned to —2V, as shown 
in Figures 5-10 and 5-13. For either parallel termination 
method, decoupling capacitors are required between the 
supply and ground (Chapter 6). 


a. Parallel Termination 
Zo 


Rr 


Vir 
TL/F/9901-8 


b. Thevenin Equivalent of Ry and Vrr 


Ris Vee Rr 


~ Vee -Vit 
R1 
| ) ) 
R2 i 
Vit 


Vit 





2 = VEE Rr 


TL/F/9901-9 


c. Equivalent Circuit for Determining 
Approximate Vox and Vo, Levels 


62 
Eou = —0.85 V Vou 


| Rr 
Eo. = - 1.67 V VoL 


82 Vit 
TL/F/9901-10 


d. F100K Output Characteristic with Terminating 
Resistor Rr Returned to Vr7 = —2.0V — 


ASA TT 
LINN 
A AS ce 
pe NS es 


if IN AINE 

watt AL A Neresoo | | 
sol Ne NSTI IE 
vosL{ | [areas] Nemes | 
vo. | | vou) | [TT | 


-0.8 ~0.4 -0 
Vout — OUTPUT VOLTAGE — V 


-24 


loyr — OUTPUT CURRENT — mA 





— 40 
-2.0 — 1.6 — 1.2 


TL/F/9901-11 
FIGURE 4-6. Parallel Termination 
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System Considerations 


PC Board Transmission Lines (continuea) 


F100K output transistors are designed to drive low-imped- 
ance loads and have a maximum output current rating of 
50 mA. The circuits are specified and tested with a 502 load 
returned to —2V. This gives nominal output levels of 
—0.955V at 20.9 mA and — 1.705V at 5.9 mA. Output levels 
will be different with other load currents because of the tran- 
sistor output resistance. This resistance is nonlinear with 
load current since it is due, in part, to the base-emitter volt- 
age of the emitter follower, which is logarithmic with output 
current. With the standard 500 load, the effective source 
resistance is approximately 629. in the HIGH state and 82 in 
the LOW state. 


The foregoing values of output voltage, output current, and 
output resistance are used to estimate quiescent output lev- 
els with different loads. An equivalent circuit is shown in 
Figure 4-6c. The ECL circuit is assumed to contain two inter- 
nal voltage sources Eoy and Eo, with series resistances of 
69. and 82 respectively. The values shown for Eoy and 
Eo, are —0.85V and —1.67V respectively. 


The linearized portion of the F100K output characteristic 
can be represented by two equations: 

For Vou: Vout = —850 —6 out 

For Vo_: Vout = —1670 —8 lout 

where IguT is in mA, Vout is in mV. 


If the range of lout is confined between 8 mA to 40 mA for 
Von, and 2 mA to 16 mA for Vo_, the output voltage can be 
estimated within +10 mV (Figure 4-6d). 


An ECL output can drive two or more lines in parallel, pro- 
vided the maximum rated current is not exceeded. Another 
consideration is the effect of various loads on noise mar- 
gins. For example, two parallel 759 terminations to —2V 
(Figure 4-6a) give output levels of approximately — 1.000V 
and —1.716V. Noise margins are thus 35 mV less in the 
HIGH state and 11 mV more in the LOW state, compared to 
502 load conditions. Conversely, a single 752 load to —2V 
causes noise margins 38 mV greater in the HIGH state and 
11 mV less in the Low state, compared to a 50N load. 


The magnitude of reflections from the terminated end of the 
line depends on how well the termination resistance Rr 
matches the line impedance Zo. The ratio of the reflected 
voltage to the incident voltage Vj is the reflection coefficient 
p- 
Vr _ Rt- Zo 
P Rr + Zo 
The initial signal swing at the termination is the sum of the 
incident and reflected voltages. The ratio of termination sig- 
nal to incident signal is thus: 


VE Siig By 
Vi Rr + Zo 
The degree of reflections which can be tolerated varies in 
different situations, but to allow for worst-case circuits, a 
good rule of thumb is to limit reflections to 15% to prevent 
excursions into the threshold region of the ECL inputs con- 
nected along the line. The range of permissible values of Rt 
as a function of Zo and the reflection coefficient limitations 
can be determined by rearranging Equation 4-5. 

xo Ep 

Rr = Zo 1p 


(4-5) 


(4-6) 


(4-7) 
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Using 15% reflection limits as examples, the range of the 
Rr/Zpo ratio is as follows. 


1.15 Rr _ 0.85 

O85 > Zo > 145 1.35 > Zo > 0.74 
The permissible range of the Rt/Zo ratio determines the 
tolerance ranges for Ry and Zo. For example, using the 
foregoing ratio limits, Ry tolerances of + 10% allow Zo toler- 
ance limits of +22% and —19%; Ry tolerances of +5% 
allow Zo tolerance limits of +28% and —23%. 


An additional requirement on the maximum value of Rr is 
related to the value of quiescent Io}, current needed to in- 
sure sufficient negative-going signal swing when the ECL 
driver switches from the HIGH state to the LOW state. The 
npn emitter-follower output of the ECL circuit cannot act as 
a voltage source driver for negative-going transitions. When 
the voltage at the base of the emitter follower starts going 
negative as a result of an internal state change, the output 
current of the emitter follower starts to decrease. The trans- 
mission line responds to the decrease in current by produc- 
ing a negative-going change in voltage. The ratio of the volt- 
age change to the current change is, of course, the charac- 
teristic impedance Zo. Since the maximum decrease in cur- 
rent that the line can experience is from loy to zero, the 
maximum negative-going transition which can be produced 
is the product lox Zo. 


If the lo Zo product is greater than the normal negative-go- 
ing signal swing, the emitter follower responds by limiting 
the current change, thereby controlling the signal swing. If, 
however, the Io1 Zo product is too small, the emitter follow- 
er is momentarily turned off due to insufficient forward bias 
of its base-emitter junctions, causing a discontinuous nega- 
tive-going edge such as the one shown in Figure 4-14. In 
the output-LOW state the emitter follower is essentially non- 
conducting for Vo. values more positive than about 
—1.55V. Using this value as a criterion and expressing Ioy 
and Voy in terms of the equivalent circuit of Figure 4-6c, an 
upper limit on the value of Rt can be developed. 


AV = IonZo > 1.55 — |Vou| 


(Fes — Vtt Vt Ro = EouRr 
Ro + Rr Ro + Rr 


p< (Eon — Vir) Zo — (1.55 — \Vrrl) Ro 
T< 

1.55 — |Eoul 
For a Vrz of —2V, Ro of 69 and Eoxy of —0.85V, Equation 
4-9 reduces to 


Rr < 1.64 Zp + 3.869 


For Zp = 500, the emitter follower cuts off during a nega- 
tive-going transition if Rt exceeds 862. Changing the volt- 
age level criteria to — 1.60V to insure continuous conduction 
in the emitter follower gives an upper limit of 772 for a 502 
line. For a line terminated at the receiving end with a resist- 
ance to —2V, a rough rule-of-thumb is that termination re- 
sistance should not exceed line impedance by more than 
50%. This insures a satisfactory negatve-going signal swing 
to ECL inputs connected along the line. The quiescent VoL 
level, after all reflections have damped out, is determined by 
Rr and the ECL output characteristic. 


eT (4-8) 


) 20> 1.55 - | 


(4-9) 


Input Impedance 


The input impedance of ECL circuits is predominately ca- 
pacitive. A single-function input has an effective value of 
about 1.5 pF for F100K flatpak, as determined by its effect 
on reflected and transmitted signals on transmission lines. 





Input Impedance (Continued) 


In practical calculations, a value of 2 pF should be used. 
Approximately one third of this capacitance is attributed to 
the internal circuitry and two thirds to the flatpak pin and 
internal bonding. 


For F100K flatpak circuits, multiple input lines may appear 
to have up to 3 pF to 4 pF but never more. For example, in 
the F100102, an input is connected internally to all five 
gates, but because of the philosophy of buffering these 
types of inputs in the F100K family this input appears as a 
unit load with a capacitance of approximately 2 pF. For ap- 
plications such as a data bus, with two or more outputs 
connected to the same line, the capacitance of a passive- 
LOW output can be taken as 2 pF. 


Capacitive loads connected along a transmission line in- 
crease the propagation delay of a signal along the line. The 
modified delay can be determined by treating the load ca- 
pacitance as an increase in the intrinsic distributed capaci- 
tance of the line, discussed in Chapter 3. The intrinsic ca- 
pacitance of any stubs which connect the inputs to the line 
should be included in the load capacitance. The intrinsic 
capacitance per unit length for G-10 epoxy boards is shown 
in Figure 4-3 and 4-5 for microstrip and stripline respective- 
ly. For other dielectric materials, the intrinsic capacitance Co 
can be determined by dividing the intrinsic delay 5 (Equation 
4-3) by the line impedance Zp. 

The length of a stub branching off the line to connect an 
input should be limited to insure that the signal continuing 
along the line past the stub has a continuous rise, as op- 
posed to a rise (or fall) with several partial steps. The point 
where a stub branches off the line is a low impedance point. 
This creates a negative coefficient of reflection, which in 
turn reduces the amplitude of the incident wave as it contin- 
ues beyond the branch point. If the stub length is short 
enough, however, the first reflection returning from the end 
of the stub adds to the attenuated incident wave while it is 
Still rising. The sum of the attenuated incident wave and the 
first stub reflection provides a step-free signal, although its 
rise time will be longer than that of the original signal. Satis- 
factory signal transitions can be assured by restricting stub 
lengths according to the recommendations for unterminated 
lines (Figure 4-10). The same considerations apply when 
the termination resistance is not connected at the end of 
the line; a section of line continuing beyond the termination 
resistance should be treated as an unterminated line and its 
length restricted accordingly. 


Series Termination 


Series termination requires a resistor between the driver 
and transmission line, Figure 4-7. The receiving end of the 
line has no termination resistance. The series resistor value 
should be selected so that when added to the driver source 
resistance, the total resistance equals the line impedance. 
The voltage divider action between the net series resistance 
and the line impedance causes an incident wave of half 
amplitude to start down the line. When the signal arrives at 
the unterminated end of the line, it doubles and is thus re- 
stored to a full amplitude. Any reflections returning to the 
source are absorbed without further reflection since the line 
and source impedance match. This feature, source absorp- 
tion, makes series termination attractive for interconnection 
paths involving impedance discontinuities, such as occur in 
backplane wiring. 


A disadvantage of series termination is that driven inputs 
must be near the end of the line to avoid receiving a 2-step 
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signal. The initial signal at the driver end is half amplitude, 
rising to full amplitude only after the reflection returns from 
the open end of the line. In Figure 4-7, one load is shown 
connected at point D, aways from the line end. This input 
receives a full amplitude signal with a continuous edge if the 
distance I to the open end of the line is within recommended 
lengths for unterminated line (Figure 4-10). 


TL/F/9901-12 
FIGURE 4-7. Series Termination 


The signal at the end has a slower rise time that the incident 
wave because of capacitive loading. The increase in rise 
time to the 50% point effectively increases the line propaga- 
tion delay, since the 50% point of the signal swing is the 
input signal timing reference point. This added delay as a 
function of the product line impedance and load capaci- 
tance is discussed in Chapter 3. 


Quiescent Voy and Voy levels are established by resistor 
Re (Figure 4-7), which also acts with Veg to provide the 
negative-going drive into Rs and Zo when the driver output 
goes to the LOW state. To determine the appropriate Re 
value, the driver output can be treated as a simple mechani- 
cal switch which opens to initiate the negative-going swing. 
At this instant, Zo acts as a linear resistor returned to Vou. 
Thus the components form a simple circuit of Re, Rg and Zp 
in a series, connected between Veg and Vox. The initial 
current in this series circuit must be sufficient to introduce a 
0.38V transient into the line, which then doubles at the load 
end to give 0.75V swing. 


faxaec OHS Vee. O88 
RE Re +Ps+ Zo Zo 
Any lop current flowing in the line before the switch opens 
helps to generate the negative swing. This current may be 
quite small, however, and should be ignored when calculat- 
ing Re. 

Increasing the minimum signal swing into the line by 30% to 
0.49V insures sufficient pull-down current to handle reflec- 
tion currents caused by impedance discontinuities and load 
capacitance. The appropriate Re value is determined from 
the following relationship. 


VoH — Vee 0.49 
Re+Rsgt+Z Zo 
For the Re range normally used, quiescent Voy averages 
approximately 0.955V and Veg = —4.5V. The value of Rs 
is equal to Zg minus Ro (Ro averages 72). Inserting these 
values and rearranging Equation 4-11 gives the following. 
Re < §.23Z) + 72 (4-12) 
Power dissipation in Rg is listed in Figure 5-14. The power 
dissipation in R¢ is greater than in Rt of a parallel termina- 
tion to —2V, but still less than the two resistors of the 
Thevenin equivalent parallel termination, see Figure 5-70, 
5-13 and 5-14. 


The number of driven inputs on a series terminated line is 
limited by the voltage drop across Rg in the quiescent HIGH 
state, caused by the finite input currents of the ECL loads. 
liq values are specified on data sheets for various types of 


(4-10) 


(4-11) 
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System Considerations 


Series Termination (Continued) 


inputs, with a worst-case value of 265 pA for simple gate 
inputs. The voltage drop subtracts from the HIGH-state 
noise margin as outlined in Figure 4-8a. 


However, there is more HIGH-state noise margin initially, 
because there is less Iqy with the Re load than with the 
standard 502 load to —2V. This makes Voy more positive; 
the increase ranges from 43 mV for a 500 line to 82 mV for 
a 1002 line. Using this Voy increase as a limit on the volt- 
age drop across Rs assures that the HIGH-state noise mar- 
gin is as good as in the parallel terminated case. Dividing 
the Von increase by Rs + Ro (= Zo) gives the allowed load 
input current (Ix in Figure 4-8a). This works out to 0.86 mA 
for a 502 line, 0.92 mA for a 750 line and 0.82 mA for a 
1002 line. Load input current greater than these values can 
be tolerated at some sacrifice in noise margin. If, for exam- 
ple, an additional 50 mV loss is feasible, the maximum val- 
ues of current become 1.86 mA, 1.59 mA and 1.32 mA for 
500, 750 and 1002 lines respectively. 


An ECL output can drive more than one series terminated 
line, as suggested in Figure 4-8b, if the maximum rated out- 
put current of 50 mA is not exceeded. Also, driving two or 
more lines requires a lower Re value. This makes the quies- 
cent Ioy higher and consequently Voy lower, due to the 
voltage drop across Ro. This voltage drop decreases the 
HIGH-state noise margin, which may become the limiting 
factor (rather than the maximum rated current), depending 
on the particular application. 


The appropriate Re value can be determined using Equation 
4-13 for Vee = — 4.5V. 


1 1 1 


1 
— > $¢§ ———__ ¢- —_ 
Re 6.23Z;—Rs; 623Zo—Rgo 6.23Z3 —Ts3 
(4-13) 

Circuits with multiple outputs (such as the F100112) provide 

an alternate means of driving several lines simultaneous 

(Figure 4-8c). Note, each output should be treated individu- 

ally when assiging load distribution, line impedance, and Re 

value. 


Unterminated Lines 


Lines can be used without series or parallel termination if 
the line delay is short compared to the signal rise time. Ring- 
ing occurs because the reflection coefficient at the open 
(receiving) end of the line is positive (nominally +1) while 
the reflection coefficient at the driving end is negative (ap- 
proximately — 0.8). These opposite polarity reflection coeffi- 
cients cause any change in signal voltage to be reflected 
back and forth, with a polarity change each time the signal is 
reflected from the driver. Net voltage change on the line is 
thus a succession of increments with alternating polarity 
and decreasing magnitude. The algebraic sum of these in- 
crements if the observed ringing. The general relationships 
among rise time, line delay, overshoot and undershoot are 
discussed in Chapter 3, using simple waveforms for clarity. 


Excessive overshoot on the positive-going edge of the sig- 
nal drives input transistors into saturation. Although this 
does not damage an ECL input, it does cause excessive 
recovery times and makes propagation delays unpredict- 
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TOTAL = Ix 


Vnuw LOSS = lx (Rg + Ro) 
= Ix Zo 


TL/F/9901-13 
a. Nolse Margin Loss Due to Load Input Current 





TL/F/9901-14 
b. Driving Several Lines from one Output 


Vee 


TL/F/9901-15 
c. Using Multiple Output Element for Load Sharing 


FIGURE 4-8. Loading Considerations 
for Series Termination 


able. Undershoot (following the overshoot) must also be lim- 
ited to prevent signal excursions into the threshold region of 
the loads. Such excursions could cause exaggerated tran- 
sition times at the driven circuit outputs, and could also 
cause multiple triggering of sequential circuits. Signal swing, 
exclusive of ringing, is slightly greater on unterminated lines 
that on parallel terminated lines; lox is less and Io, is great- 
er with the Re load, (Figure 4-9a) making Voy higher and 
Vo_ lower. 


For worst case combinations of driver output and load input 
characteristics, a 35% overshoot limit insures that system 
speed is not compromised either by saturating an input on 
overshoot or extending into the threshold region on the fol- 
lowing undershoot. 

For distributed loading, ringing is satisfactorily controlled if 
the 2-way modified line delay does not exceed the 20% to 
80% rise time of the driver output. This relationship can be 
expressed as follows, using the symbols from Chapter 3 and 
incorporating the effects of load capacitance on line delay. 


CL 
t = 27’ = 228' = 226,/1 + — 
: £Co 


Solving this expression for the line length (2 ): 


(2) + (e) Sok 
Co $ 2Co 





Unterminated Lines (continueg) 


Se 
VIN 
Re 
Vee 


TL/F/9901-16 
a. Unterminated Line 


H = 10 ns/div 
V =0.3 Vidiv 


TL/F/9901-17 
b. Line Voltages Showing Stair-step Trailing Edges 


=1nsidiv 
= 0.3 Vidiv 


TL/F/9901-~18 


H 
V 


c. Load Gate Output Showing Net 
Propagation Increase for Increasing 
Values of Re: 3300, 5100, 1k 


FIGURE 4-9. Effect on Re Value 

on Trailing-Edge Propagation 
The shorter the rise time, the shorter the premissible line 
length. For Fi00K ECL, the minimum rise time from 20% to 
80% is specified as 0.5 ns. Using this rise time and 2 pF per 
fan-out load, calculated maximum line lengths for G-10 
epoxy microstrip are listed in Figure 4-10a. The length (7) 
in the table is the distance from the terminating resistor to 
the input of the device(s). For Fi00K ECL the case de- 
scribed in Figure 4-10a is the only one calculated, since all 
other combinations are approximately the same. For other 
combinations of rise time, impedance, fan-out or line char- 
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acteristics (6 and Co), maximum lengths are calculated us- 
ing Equation 4-14. For the convenience of those who are 
also using 10K ECL, maximum recommended lengths of un- 
terminated lines are listed in Figure 4-10b to 4-100. 


Number of Fan-Out Loads 


1.37* 1.13 0.95 0.81 

1.33 1.07 0.87 0.70 
75 1.25 0.95 0.75 0.61 
90 1.18 0.85 0.66 0.53 
100 1.15 0.82 0.61 0.49 


*Length in inches. 
Unit load = 2 pF, 6 = 0.148 ns/inch 


FIGURE 4-10a. F100K Maximum Worst-Case 
Line Lengths for Unterminated 
Microstrip, Distributed Loading 


Number of Fan-Out Loads 


50 4.15* 3.75 3.45 2.85 2.45 
62 3.95 3.50 3.15 2.55 2.10 
2.85 2.25 1.85 


75 3.75 3.25 
2.60 2.00 1.60 


90 3.55 3.00 
100 3.45 2.85 2.45 1.85 1.45 


*Length in inches. 
Unit load = 3 pF, § = 0.148 ns/in. 
FIGURE 4-10b. 10K Maximum Worst-Case 
Line Lengths for Unterminated 
Microstrip, Distributed Loading 


Number of Fan-Out Loads 


4.40* 3.65 2.60 1.90 1.40 
4.30 3.45 2.30 1.60 1.15 


50 
62 
75 4.20 3.20 2.05 1.40 0.95 


90 4.05 2.95 1.75 1.05 0.65 
100 3.90 2.80 1.60 0.90 0.50 
*Length in inches. 
Unit load = 3 pF, 6 = 0.148 ns/in. 
FIGURE 4-10c. 10K Maximum Worst-Case 
Line Lengths for Unterminated 
Microstrip, Concentrated Loading 


Number of Fan-Out Loads 


2.90 


1.65 
1.45 
1.25. 
*Length in inches. 
Unit load = 3 pF, 6 = 0.188 ns/in. 
FIGURE 4-10d. 10K Maximum Worst-Case 
Line Lengths for Unterminated 
Stripline, Distributed Loading 


3.30* 3.00 


2.80 


2.60 
2.40 


2.70 
2.50 


2.25 
2.05 


2.25 
2.00 


1.80 
1.55 


3.15 
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System Considerations 


Unterminated Lines (Continued) 


Number of Fan-Out Loads 


2.00 1.50 
1.80 1.30 


1.60 1.10 
1.40 0.85 
1.25 0.70 


2.85 
2.70 


2.55 
2.35 
2.20 


1.10 
0.90 


0.75 
0.50 
0.40 


RS oe ws 
3.45* 
pe | oe 


3.30 
0 3.15 
100 3.10 


*Length in inches. 
Unit load = 3 pF, & = 0.188 ns/in. 
FIGURE 4-10e. 10K Maximum Worst- 
Case Line Lengths for Unterminated 
Stripline, Concentrated Loading 


A load capacitance concentrated at the end of the line re- 
stricts line length more than a distributed load does. Maxi- 
mum recommended lengths for fiberglass epoxy dielectric 
and a 0.5 ns rise time are listed in Figure 4-70 for microstrip. 
For line impedances not listed, linear interpolation can be 
used to determine appropriate line lengths. Appropriate line 
lengths for dielectric materials with a different propagation 
constant & can be determined by multiplying the listed val- 
ues by the fiberglass epoxy 6 and then dividing by the 6 of 
the other material. For example, a line length for a material 
which has a microstrip 5 of 0.1 ns/inch is determined by 
multiplying the length given in the microstrip table (for a 
desired impedance and load) by 0.148 and dividing by 0.1. 


Resistor Re must provide the current for the negative-going 
signal at the driver output. Line input and output waveforms 
are noticeably affected if Re is too large, as shown in Figure 
4-9b. The negative-going edge of the signal falls in stair- 
step fashion, with three distinct steps visible at point A. The 
waveform at point B shows a step in the middle of the nega- 
tive-going swing. The effect of different Re values on the 
net propagation time through the line and the driven loads is 
evident in Figure 4-9c which shows the output signal of one 
driven gate in a multiple exposure photograph. The horizon- 
tal sweep (time axis) was held constant with respect to the 
input signal of the driver. The earliest of the three output 
signals occurs with an Re value of 3309. Changing Re to 
5109 increases the net propagation delay by 0.3 ns, the 
horizontal offset between the first and second signals. 
Changing Re to 1 kM produces a much greater increase in 
net propagation delay, indicating that the negative-going 
signal at B contains several steps. In practice, a satisfactory 
negative-going signal results when the Re value is chosen 
to give an initial negative-going step of 0.6V at the driving 
end of the line. This gives an upper limit on the value of Re, 
as shown in Equation 4-15. 


_ (oH — VEE) Zo 


> 0.6 
Re +Zo 


initial step = AZ ®Zpo 


Re = < 6.25 Zo (4-15) 
An ECL output can drive two or more unterminated lines, 
provided each line length and loading combination is within 


‘the recommended constraints. The appropriate Re value is 


determined from Equation 4-15, using the parallel imped- 
ance of the two or more lines for Zo. 


An ECL output can simultaneously drive terminated and un- 
terminated lines, although the negative-going edge of the 
signal shows two or more distinct steps when the stubs are 
long unless some extra pull-down currentis provided. Figure 
4-11a shows an ECL circuit driving a parallel terminated 
line, with provision for connecting two worst-case untermi- 
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nated lines to the driver output. Waveforms at the termina- 
tion resistor (point A) are shown in the multiple exposure 
photograph of Figure 4-11b. The upper trace shows a nor- 
mal signal without stubs connected to the driver. The middle 
trace shows the effect of connecting one stub to the driver. 
The step in the negative-going edge indicates that the qui- 
escent Ioy current through Ry is not sufficient to cause a 
full signal for both lines. The relationship between the quies- 
cent Ioy current through Ry and the negative-going signal 
swing was discussed earlier in connection with parallel ter- 
mination. 


The bottom trace in Figure 4-17 shows the effect of con- 
necting two stubs to the driver output. The steps in trailing 
edge are smaller and more pronounced. The deteriorated 
trailing edge of either the middle or lower waveform increas- 


a. Multiple Lines 


22 
oo 


Ce ; Re . 


VEE Vir 
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b. Waveforms at Termination Point A 
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c. Equivalent Circuit for Determining Initial 
Negative Voltage Step at the Driver Output 


<+—Inr 


TL/F/9901-21 
FIGURE 4-11. Driving Terminated 
and Unterminated Lines in Parallel 





Unterminated Lines (Continued) 


es the switching time of the cirucit connected to point A. If 
this extra delay cannot be tolerated, additional pull-down 
current must be provided. One method uses a resistor to 
Ver as suggested in Figure 4-174. The initial negative-going 
step at point A should be about 0.7V to insure a good fall 
rate through the threshold region of the driven gate. The 
initial step at the driver output should also be 0.7V. If the 
driver output is treated as a switch that opens to initiate the 
negative-going signal, the equivalent circuit of Figure 4-11c 
can be used to determine the initial voltage step at the driv- 
er output (point X). The value of the current source Ipz is the 
quiescent Io current through Ry. Using Z’ to denote the 
parallel impedance of the transmission lines and AV for the 
desired voltage step at X, the appropriate value of Re can 
be determined from the following equation, using absolute 
values to avoid polarity confusion. 


Z' 
Re = (Iv -\V |-avl)«(< = _,) 
E | EE| | OH | [AV] = llariz’ 


For a sample calculation, assume that Ry and the line im- 
pedances are each 1002, Voy is —0.955V, AV is 0.750V, 
Veg is —4.5V and V7 is —2V. Ipt is thus 10.45 mA and the 
calculated value of Re is 2320. In practice, this value is on 
the conservative side and can be increased to the next larg- 
er (10%) standard value with no appreciable sacrifice in 
propagation through the gate at point A. 


Again, the foregoing example is based on worst-case stub 
lengths (the longest permissible). With shorter stubs, the 
effects are less pronounced and a point is reached where 
extra pull-down current is not required because the reflec- 
tion from the end of the stub arrives back at the driver while 
the original signal is still falling. Since the reflection is also 
negative going, it combines with and reinforces the falling 
signal at the driver, eliminating the steps. The net result is a 
smoothly falling signal but with increased fall time compared 
to the stubless condition. 


The many combinations of line impedance and load make it 
practically impossible to define just with stub length begins 
to cause noticeable steps in the falling signal. A rough rule- 
of-thumb would be to limit the stub length to one-third of the 
values given in Figure 4-10. 


Data Bussing 


Data bussing involves connecting two or more outputs and 
one or more inputs to the same signal line, (Figure 4-72). 
Any one of the several drivers can be enabled and can ap- 
ply data to the line. Load inputs connected to the line thus 
receive data from the selected source. This method of 
steering data from place to place simplifies wiring and tends 
to minimize package count. Only one of the drivers can be 
enabled at a given time; all other driver outputs must be in 
the LOW state. Termination resistors matching the fine im- 
pedance are connected to both ends of the line to prevent 
reflections. For calculating the modified delay of the line 
(Chapter 3) the capacitance of a LOW (unselected) driver 
output should be taken as 2 pF. 


An output driving the line sees an impedance equal to half 
the line impedance. Similarly, the quiescent Io, current is 
higher than with a single termination. For line impedance 
less than 1009, the Ioy current is greater than the data 
sheet test value, with a consequent reduction of HIGH-state 
noise margin. This loss can be eliminated if necessary by 
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Vit 
TL/F/9901-22 
FIGURE 4-12. Data Bus or Party Line 


using multiple output gates (F100112) and paralleling two 
outputs for each driver. In the quiescent LOW state, termi- 
nation current is shared among all the output transistors on 
the line. This sharing makes Vo, more positive than if only 
one output were conducting all of the current. For example, 
a 1002 line terminated at both ends represents a net 50 
DC load, which is the same as the data sheet condition for 
VoL. If one worst-case output were conducting all the cur- 
rent, the Vo, would be —1.705V. If another output with 
identical DC characteristics shares the load current equally, 
the Vo, level shifts upward by about 25 mV. Connecting two 
additional outputs for a total of four with the same charac- 
teristics shifts VoL upward another 22 mV. Connecting four 
more identical outputs shifts Vo. upward another 20 mV. 
Thus the Vo, shift for eight outputs having identical worst- 
case Vo, characteristics is approximately 67 mV. In prac- 
tice, the probability of having eight circuits with worst-case 
Vo_ characteristics is quite low. The output with the highest 
Voi tends to conduct most of the current. This limits the 
upward shift to much Jess than the theoretical worst-case 
value. In addition, the LOW-state noise margin is specified 
greater than the HIGH-state margin to allow for Vo, shift 
when outputs are paralleled. 


In some instances a single termination is satisfactory for a 
data bus, provided certain conditions are fulfilled. The single 
termination is connected in the middle of the line. This re- 
quires that for each half of the line, from the termination to 
the end, the line length and loading must comply with the 
same restrictions as unterminated lines to limit overshoot 
and undershoot to acceptable levels. The termination 
should be connected as near as possible to the electrical 
mid-point of the line, in terms of the modified line delay from 
the termination to either end. Another restriction is that the 
time between successive transitions, i.e., the nominal bit 
time, should not be less than 15 ns. This allows time for the 
major reflections to damp out and limits additive reflections 
to a minor level. 


Wired-OR 


In general-purpose wired-OR logic connections, where two 
or more driver outputs are expected to bein the HIGH state 
simultaneously, it is important to minimize the line length 
between the participating driver outputs, and to place the 
termination as close as possible to the mid-point between 
the two most widely separated sources. This minimizes the 
negative-going disturbances which occur when one HIGH 
output turns off while other outputs remain HIGH. The driver 
output going off represents a sudden decrease in line cur- 
rent, which in turn generates a negative-going voltage on 
the line. A finite time is required for the other driver outputs 
(quiescently HIGH) to supply the extra current. The net re- 
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System Consit'erations 


Wired-OR (Continued) 


sult is a “V’" shaped negative glitch whose amplitude and 
duration depend on three factors: current that the off-going 
output was conducting, the line impedance, and the line 
length between outputs. If the separation between outputs 
is kept within about one inch, the transient will not propa- 
gate through the driven load circuits. 


If a wired-OR connection cannot be short, it may be neces- 
sary to design the logic so that the signal on the line is not 
sampled for some time after the normal propagation delay 
(output going negative) of the element being switched. Nor- 
mal propagation delay is defined as the case where the ele- 
ment being switched is the only one on the line in the HIGH 
state, resulting in the line going LOW when the element 
switches. In this case, the propagation delay is measured 
from the 50% point on the input signal of the off-going ele- 
ment to the 50% point of the signal at the input farthest 
away from the output being switched. The extra wiring time 
required in the case of a severe negative glitch is, in a 
worst-case physical arrangement, twice the line delay be- 
tween the off-going output and the nearest quiescently 
HIGH output, plus 2 ns. 


An idea of how the extra waiting time varies with physical 
arrangement can be obtained by qualitatively comparing the 
signal paths in Figure 4-173. With the outputs at A and B 
quiescently HIGH, the duration of the transient observed at 
C is longer if B is the off-going output than if A is the off-go- 
ing element. This is because the negative-going voltage 
generated at B must travel to A, whereupon the corrective 
signal is generated, which subsequently propagates back 
toward C. Thus the corrective signal lags behind the initial 
transient, as observed at C, by twice the line delay between 
A and B. On the other hand, if the output at A generates the 
negative-going transient, the corrective response starts 





WIRE OVER GND PLANE OR SCREEN 


when the transient reaches point B. Consequently, the tran- 
sient duration observed at C is shorter by twice the line 
delay from A to B. 


A B c 
Rr 


Vir 
TL/F/9901-23 
FIGURE 4-13. Relative to Wired-OR Propagation 


Backplane Interconnections 


Several types of interconnections can be used to transmit a 
signal between logic boards. The factors to be considered 
when selecting a particular interconnection for a given appli- 
cation are cost, impedance discontinuities, predictability of 
propagation delay, noise environment, and bandwidth. Sin- 
gle-ended transmission over an ordinary wire is the most 
economical but has the least predictable impedance and 
propagation delay. At the opposite end of the scale, coaxial 
cable is the most costly but has the best electrical charac- 
teristics. Twisted pair and similar parallel wire interconnec- 
tion cost and quality fall in between. 


For single-wire transmission through the backplane, a 
ground plane or ground screen (Chapter 5) should be pro- 
vided to establish a controlled impedance. A wire over a 
ground plane or screen has a typical impedance of 150 
with variations on the order of +33%, depending primarily 
on the distance from ground and the configuration of the 
ground. Figure 4-74 illustrates the effects of impedance vari- 
ations with a 15-inch wire parallel terminated with 1509 to 
—2V. Figure 4-14b shows source and receiver waveforms 
when the wire is in contact with a continuous ground plane. 






150 2 


-2.0V 
TL/F/9901-24 


a. Wire over Ground Plane or Screen 











= §nsidiv 
V=0.4 nsidiv 
TL/F/9901-25 
b. Wire in Contact with Ground Plane 
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TL/F/9901-26 
c. Wire Spaced 4%” from Ground Screen 


FIGURE 4-14. Parallel Terminated Backplane Wire 


Backplane Interconnections (Continued) 


The negative-going signal at the source shows an initial step 
of only 80% of a full signal swing. This occurs because the 
quiescent HIGH-state current Igy (about 7 mA) multiplied by 
the impedance of the wire (approximately 902) is less than 
the normal signal swing, and this condition allows the driver 
emitter follower to turn off. The negative-going signal at the 
receiving end is greater by 25% (1 + p = 1.25). The receiv- 
ing end mismatch.causes a negative-going reflection which 
returns to the source and establishes the Vo, level. The 
positive-going signal at the source shows a normal signal 
swing, with the receiving end exhibiting approximately 25% 
overshoot. 


Figure 4-14c shows waveforms for a similar arrangement, 
but with the wire about 1% inch from a ground screen. The 
impedance of the wire is greater than 1502 termination, but 
small variations in impedance along the wire cause interme- 
diate reflections which tend to lengthen the rise and fall 
times of the signal. As a result, the received signal does not 
exhibit pronounced changes in slope as would be expected 
if a 2000 constant impedance line were terminated with 
1500. 


Series source resistance can also be used with single wire 
interconnections to absorb reflection. Figure 4-15a shows a 
16-inch wire with a ground screen driven through a source 
resistance of 1000. The waveforms (Figure 4-15b) show 
that although reflections are generated, they are largely ab- 
sorbed by the series resistor, and the signal received at the 
load exhibits only slight changes and overshoot. Series ter- 
mination techniques can also be used when the signal into 
the wire comes from the PC board transmission line. Figure 
4-16a illustrates a 12-inch wire over a ground screen, with 
12-inch microstrip lines at either end of the wire. The output 
is heavily loaded (fan-out of 8) and the combination of im- 
pedances produces a variety of reflections at the input to 
the first microstrip line, shown in the upper trace of Figure 
4-16b. The lower trace shows the final output; a comparison 
between the two traces shows the effectiveness of damping 
in maintaining an acceptable signal at the output. Figure 
4-16c shows the signals at the input to the driving gate and 
at the output of the load gate, with a net through-put time of 
8.5 ns. The circuit in Figure 4-1/6a is a case of mismatched 
transmission lines, discussed in Chapter 3. 
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Signal propagation along a single wire tends to be fast be- 
cause the dielectric medium is mostly air. However, imped- 
ance variations along a wire cause intermediate reflections 
which tend to increase rise and fall times, effectively in- 
creasing propagation delay. Effective propagation delays 
are in the range of 1.5 to 2.0 ns per foot of wire. Load 
capacitance at the receiving end also increases rise and fall 
time (Chapter 3), further increasing the effective propaga- 
tion delay. 


16” WIRE OVER GROUND SCREEN 
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a. Wire over Ground Screen 
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b. Series Terminated Waveform 
FIGURE 4-15. Series Terminated Backplane Wire 
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Backplane Interconnections (Continued) 


12” MICROSTRIPS 


12” WIRE OVER 
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TL/F/9901-29 
a. Backplane Wire Interconnecting PC Board Lines 


nsidiv 
V=0.4 Vidiv 
. TL/F/9901-30 
b. Signals into the First Microstrip and at the Loads 





H = 10 ns/div 
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TL/F/9901-31 
c. Input to Driving Gate and Output of Load Gate 


FIGURE 4-16. Signal Path with Sequence 
of Microstrip, Wire, Microstrip 


Better control of line impedance and faster propagation can 
be achieved with a twisted pair. A twisted pair of AWG 26 
Teflon* insulated wires, two twists per inch, exhibits a prop- 
agation delay of 1.33 ns/ft and an impedance of 1159. 
Twisted pair lines are available in a variety of sizes, imped- 
ances and multiple-pair cables. Figure 4-77a illustrates sin- 
*Teflon is a registered trademark of E.I. du Pont de Nemours Conpany. 
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= = Vir 
TL/F/9901-32 
a. Single-ended Twisted Pair 


TL/F/9901-33 
b. Differential Transmission Reception 


TL/F/9901-34 
c. Backplane Data Bus 


FIGURE 4-17. Twisted Pair Connections 


gle-ended driving and receiving. In addition to improved 
propagation velocity, the magnetic fields of the two conduc- 
tors tend to cancel, minimizing noise coupled into adjacent 
wiring. 

Differential line driving and receiving complementary gates 
as the driver and an F100114 line receiver.is illustrated in 
Figure 4-17b. Differential operation provides high noise im- 
munity, since common mode input voltages between 
—0.55V and —3.0V are rejected. The differential mode is 
recommended for communication between different parts of 
a system, because it effectively nullifies ground voltage dif- 
ferences. For long runs between cabinets or near high pow- 
er transients, interconnections using shielded twisted pair 
are recommended. 


Twisted pair lines can be used to implement party line type 
data transfer in the backplane, as indicated in Figure 4-17c. 
Only one driver should be enabled at a given time; the other 
outputs must be in the Vo, state. The Vgp reference volt- 
age is available on pin 22 of the flatpak and pin 19 of the 
dual-in-line package for the F100114. 


In the differential mode, a twisted pair can send high-fre- 
quency symmetrical signals, such as clock pulses, of 
100 MHz over distances of 50 to 100 feet. For random data, 
however, bit rate capability is reduced by a factor of four or 
five due to line rise effects on time jitter.3 





Backplane Interconnections (Continued) 


Coaxial cable offers the highest frequency capability. In ad- 
dition, the outer conductor acts as a shield against noise, 
while the uniformity of characteristics simplifies the task of 
matching time delays between different parts of the system. 
In the single-ended mode, Figure 4-18a, 50 MHz signals can 
be transferred over distances of 100 feet. For 100 MHz op- 
eration, lengths should be 50 feet or less. In the differential 
mode, Figures 4-18b, c, the line receiver can recover small- 
er signals, allowing 100 MHz signals to be transferred up to 
100 feet. The dual cable arrangement of Figure 4-78c pro- 
vides maximum noise immunity. The delay of coaxial cables 
depends on the type of dielectric material, with typical de- 
lays of 1.52 ns/ft for polyethylene and 1.36 ns/ft for cellular 
polyethylene. 


TL/F/9901-35 
a. Single-Ended Coaxial Transmission 


TL/F/9901-36 
b. Differential Coaxial Transmission 


TL/F/9901-37 
c. Differential Transmission with Grounded Shields 


FIGURE 4-18. Coaxial Cable Connections 
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Chapter 5 
Power Distribution and Thermal Considerations 


Introduction 


High-speed circuits generally consume more power than 
similar low-speed circuits. At the system level, this means 
that the power supply distribution system must handle the 
larger current flow; the larger power dissipation places a 
greater demand on the cooling system. The direct current 
(DC) voltage drop along ground busses affects noise mar- 
gins for all types of ECL circuits. Voltage drops along Veg 
busses have only a slight effect on F100K circuits, but they 
require consideration to obtain the performance available 
from the family. 


Logic Circuit Ground, Vcc 


The positive potential Voc and Voca in ECL circuits is the 
reference voltage for output voltages and input thresholds 
and should therefore be the ground potential. When two 
circuits are connected in a single-ended mode, any differ- 
ence in ground potentials decreases the noise margins, as 
discussed in Chapter 7. This effect for TTL/DTL circuits, as 
well as for ECL circuits, is illustrated in Figure 5-7. The fol- 
lowing analysis assumes some average value of current 
flowing through the distributed resistance along the ground 
path between two circuits. For the indicated direction of Ig, 
the shift in ground potential decreases the LOW-state noise 
margin of the TTL/DTL circuits and the HIGH-state noise 
margin of the ECL circuits. If Iq is flowing in the opposite 
direction, it increases these noise margins, but decreases 
the noise margins when the drivers are in the opposite 
state. For tabulation of ground currents in ECL, the designs 
must include termination currents as well as IEE operating 
currents. ECL logic boards which use microstrip or stripline 
techniques generally have large areas of ground metal. This 
causes the ground resistance to be quite low and thus mini- 
mizes noise margin loss between pairs of circuits on the 
same board. 


TL/F/9902-1 
TTL/DTL ECL 
V'oL=VoL= +!aRa V’oH= Vout !aRe 
IeRe=(V'oL— Vou =Noise Margin Decrease = IGRg=(V'oH— Vow) 
FIGURE 5-1. Effect of Ground Resistance 
on Noise Margins 
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In practice, two communicating circuits might be located on 
widely separated PC cards with other PC cards in between. 
The net resistance then includes the incremental resistance 
of the ground distribution bus from card to card, while the 
ground current is successively increased by the contribution 
from each card. Figure 5-2 illustrates a distribution bus for a 
row of cards with incremental resistances along the bus. 


CARD 1 2 3— — -)- — — — — kK 
POSITION 


TL/F/9902-2 


¢ = Incremental Bus Resistance between Positions 
i = Average Ground Current per Card 


FIGURE 5-2. Ground Shift Along a Row of PC Cards 
The ground shift can be estimated by first determining an 
average value of current per card based on the number of 
packages, the mix of SSI and MSI, and the number and 
types of terminations. With n cards in the row, an average 
ground current (i) per card, and an incremental bus resist- 
ance (r) between card positions, the bus voltage drops be- 
tween the various positions can be determined as follows: 


between positions 1 and 2: v4_9 = (n — 1)ir 
between positions 1 and 3: v4_3 = (n — 1) ir + 
(n — 2)ir 
between positions 1 and 4: vy_4 = (n — 1)ir + 
(n — 2)ir + 
(n — 3) ir 
Vien = ir ((n — 1) + 
(n — 2) + (n — 3) 
+... +In-(n—- 1)]} 
=irli+2+3 


+...+(n- 1) 
n-1 


Vien =ir ) n 


1 
For a row of 15 cards, for example, the total ground shift 
between positions 1 and 15 is expressed as in Equation 5-1. 
14 


between 1 and n: 


n=i(1+2+3+...+13 + 14) 


1 
= 105 ir 


V4-15 = ir 
(5-1) 





Logic Circuit Ground, Vcc (Continuea) 


The ground shift between any two card positions j and k can 
be determined as follows for the general case. 


Vj-k = (n — j)ir + [In -—(G + 1)) ir + 
(n — G + 2)) ir 
+... (mn — [j + (k-f-1)]} ir 
= (k — j) nir — ir (j + G + 1) + G + 2) 
+... + f+ (ke f-1))} 
k~1 k-1 


Wek = = Dnie= ic n=irlk-pn- > n] 


J 
In a row of 15 cards, the ground shift between positions four 
and nine, for example, is determined as follows. 
Vj-k = ir (9 — 4915 - (4+5+6+7 +4 8)] 
= ir (75 — 30) = 45ir 

The ground shift between the same number of positions 
further down the row is less because of the decreasing cur- 
rent along the row. Consider the ground shift between card 
Positions 10 and 15. 
Vio-15 = ir [(15 — 10)15 — 

(10 + 11412+ 13+ 14)] 

= ir(75 — 60) = 15ir 

These examples illustrate several principles the designer 
should consider regarding the ground distribution bus and 
assignment of card positions. The bus resistance should be 
kept as low as possible by making the cross-sectional areas 
as large as practical. Logic cards which represent the heavi- 
est current drain should be located nearest the end where 
ground comes into the row of cards. Cards with single-end- 
ed logic wiring between them should be assigned to posi- 
tions as close together as possible. Conversely, if the 
ground shift between two card positions represents an un- 
acceptable loss of noise margin, then the differential trans- 
mission and reception method i.e., twisted pair, should be 
used for logic wiring between them, thereby eliminating 
ground shift as a noise margin factor. 


(5-3) 


(5-4) 


Conductor Resistances 


Conductors with large cross-sectional areas are required to 
maintain low voltage drops along power busses. For conve- 
nience, Figure 5-3 lists the resistance per foot and the 
cross-sectional area for more common sizes of annealed 
copper wire. Other characteristics and a complete list of 
sizes can be found in standard wire tables. A useful rule-of- 
thumb regarding resistances and, hence, areas is: as gauge 
numbers increase, resistance doubles with every third 
gauge number; e.g., the resistance per foot of #10 wire is 
1 mO, for #13 wire it is 2 mQ. Similarly, the resistance per 
foot of #0 wire is 0.078 mQ, which is half that of #2 wire. 


For calculations involving conductors having rectangular 
cross sections, it is often convenient to work with sheet 
resistance, particularly for power distribution on PC cards. 
Copper resistivity is usually given in ohm-centimeters, indi- 
cating the resistance between opposing faces of a 1 cm 
cube. The sheet resistance of a conductor is obtained by 
dividing the resistivity by the conductor thickness. These 
relationships follow. 
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Cross-Sectional 
Area 
Square Inches 
5.213 x 10-2 
2.062 x 10-2 
8.155 x 1073 
5.129 xX 10-3 
1.276 x 10-3 
5.046 x 10-4 
1.996 x 10-4 
7.894 x 10-5 


FIGURE 5-3. Resistance and Cross-Sectional Area 
of Several Sizes of Annealed Copper Wire 
Copper resistivity = p = 1.724 x 10-6 Ncm @ 20°C 
| 
iw 
w = width 


Resistance 
m2 Per Foot 


! 
Resistance of a conductor = p A =p 


t = thickness 


| 
Sheet resistance pg = fo pers 


where: | = length 


The length/width ratio (I/w) is dimensionless; therefore, the 
resistance of a length of conductor of uniform thickness can 
be calculated by first determining the number of “squares,” 
then multiplying by the sheet resistance. For example, a 
conductor one-eighth inch wide and three inches long has 
24 squares; its resistance is 24 times the sheet resistance. 
Since many thickness dimensions are given in inches, it is 
convenient to express the resistivity in ohm-inch, as follows. 
p(Qin.) = p(Acm) + 2.54 = 6.788 x 10-7 Din. 

The use of sheet resistance and the ‘“‘squares” concept is 
illustrated by calculating the resistance of the conductor 
shown in Figure 5-4. Assume the conductor is a 1 0z. cop- 
per cladding with a 0.0012 inch minimum thickness on a PC 
card. 


+ ly=2" Ign 1" 


Wi = 1/4" |<——_R1——__ >: —- R2— >" 


(3 = 1,.5” 


Ag 


|< 3»! wa 2 1/2” 


r 
<—_____—_R TOTAL——___—»>| t 


TL/F/9902-3 
FIGURE 5-4. Conductor of Uniform Thickness 
but Non-Uniform Cross Section 


Sheet resistance = ps = f 


= 5,657 X 10-40 per square 
The number of squares S for the rectangular sections are as 
follows. 


| 
siateg g=B=3 
W1 Wa 

The middle average segment of the conductor has a trapez- 
iodal shape. The average of wy and Wo can be used as the 
effective width, within 1% accuracy, if the wo/wy, ratio is 1.5 
or less. Otherwise, a more exact result is obtained as fol- 
lows. 

Se 


= Paar (“2) = 4|n2 = 2.77 squares (5-5) 
1 


= Wo — W4 
TotalR = Ry + Ro + Rg = pg(S1 + So + Sg) 
7.51 mQ 
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Power Distribution and Thermal Considerations 


Conductor Resistances (continued) 


As another example, assume that a 1 0z. trace must carry a 
200 mA current six inches with a voltage drop less than 


w = 120 pg = (120) 5.657 x 10-4 = 67.9 x 10-3 
.. minimum trace width, w = 68 mils 


At a higher current level, consider the voltage drop in a 
conductor 20 mils thick, 1.25 inches wide and 3 feet long 
carrying a 50A current. 

6.788 X 10-7 


2x 10-2 


= 3.364 <X 10-5 0 per square 


Ps = 


V = IR — (60) (3.364 x 10- 5) oe. 


1.25 
= 0.0484 = 48.4 mV 


Sheet resistances for various copper thicknesses are listed 
in Figure 5-5, Standard thicknesses and tolerances for cop- 
per cladding are tabulated in Figure 5-6 and resistance per 
foot as a function of width is shown in Figure 5-7. 


(5-7) 


Sheet 


Weight — 
or Resistance Thickness 


Thickness per 
Square 


2.715 X 10-4 
1.886 x 10-4 


Sheet 
Resistance 
Q per Square 


3.364 X 10-5 
1.358 x 10-5 
1.077 x 1074 1.086 x 10-5 
6.788 x 10-5 2.715 xX 10-6 


FIGURE 5-5. Sheet Resistance for Various 
Thicknesses of Copper 


Nominal Thickness | Nominal ee 
Weight 


ce ea 


+0.0002 
+0.0004 
—0.0002 
+0.0007 
—0.0003 
+0.0006 
+ 0.0006 
+0.0007 
+0.0008 
_+ 0.001 
+0.0014 
+0.002 


FIGURE 5-6. Thickness and Tolerances for 
Copper Cladding 
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CONDUCTOR WIDTH — INCHES 


"ade rhiee — m2 PER FOOT 
" TL/F/9902-4 
FIGURE 5-7. Conductor Resistance vs 
Thickness and Width 


Temperature Coefficient 


The resistances in Figures 5-3, 5-5, and 5-7, as well as 
those used in the sample calculations, are 20°C values. 
Since copper resistivity has a temperature coefficient of ap- 
proximately 0.4%/°C, the resistance at a temperature (T) 
can be determined as follows. 

Rr = Rao [1 + 0.004 (T + 20°C)] 

At 58°C: 

R = Reorc [1 + 0.004 (55°C — 20°C)] = 1.14 Rac 
When specifying power bus dimensions for PC cards con- 
taining many !C packages, designers should bear in mind 
that excessive current densities can cause the copper tem- 
perature to rise appreciably. Figure 5-8 illustrates the ohmic 
heating effect of various current densities.1 


(5-8) 


CURRENT —A 





100 150 
CROSS-SECTIONAL AREA — mil2 


TL/F/9902-5 
FIGURE 5-8. Temperature Rise with Current 
Density in PC Board Traces 





Distribution Impedance 


Power busses should have low AC impedance, as well as 
low DC resistance, to prevent propagation of extraneous 
disturbances along the distribution system. As far as current 
or voltage changes are concerned, power and ground bus- 
ses appear as transmission lines; thus their impedances can 
be affected by shape, spacing and dielectric. The effect of 
geometry on impedance is illustrated in the two arrange- 
ments of Figure 5-9. The same cross-sectional area of cop- 
per is used, but the two round wires have an impedance of 
about 759 while the flat conductors have an impedance 
determined as follows. 


With a Mylar®* or Teflon®* dielectric (« = 2.3) two mils 
thick, impedance of the flat conductor pair is only 0.59. 
Power line impedance can be reduced by periodically con- 
necting RF-type capacitors across the line. 


AREA = 0.02 SQ IN. 


d=0.002" —| |~<«— 


Zo = 0.750 
(AIR DIELECTRIC) 


TL/F/9902-6 
FIGURE 5-9. Effect of Geometry 
on Power Bus Impedance 


*Mylar and Teflon are registered trademarks of E.I. du Pont de Nemours 
Company. 


Ground on PC Cards 


It is essential to assign one layer of copper cladding almost 
exclusively to ground. This provides low-impedance, non-in- 
terfering return paths for the current changes which travel 
along signal traces when the IC outputs change state. 
These currents flow from the Voca pins of the IC packages, 
through the output transistors, then into the loads and the 
stray capacitances. These stray capacitances exist from an 
output to Veg, output to ground, and to other signal lines. 
Thus, displacement currents through stray capacitances 
flow in many paths, but must ultimately return through 
ground to the output transistor where they originated. To 
reduce the length and impedance of the return path, the 
ground metal should cover as large an area as possible and 
one decoupling capacitor should be provided for every one 
to two IC packages. Additional capacitors may be needed 
for multiple output devices. These capacitors should be ce- 
ramic, monolithic or other RF types in the 0.01 wF to 0.1 wF 
range. 


The load current returning to an IC package through ground 
metal is predictable, both in magnitude and in the return 
path. Since the magnetic and capacitive coupling between a 
signal trace and the underlying ground provides the trans- 
mission line characteristic, it follows that the load current 
flowing through the signal trace is accompanied by a ground 
return current equal in magnitude but opposite in direction. 
For example, in a 509 terminator Io, is 5.9 mA, Ioy is 
20.9 mA. Then signal change will cause about 15 mA cur- 
rent change and, as this current change propagates along 
the signal trace, a current of —15 mA advances along the 
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ground directly underneath the signal trace. Therefore, if 
there is an interruption in the ground, the return current is 
forced to go around it. The 15 mA current change can be 
reduced by terminating the complementary output of the 
signal. Then a signal change will direct the current from true 
output to the complement output reducing the A currents in 
the ground plane. When it is necessary to interrupt the 
ground plane, the interruptions should be kept as short as 
possible; every effort should be made to locate them away 
from overlying signal lines. When the ground plane is inter- 
rupted for short signal lines between packages, these lines 
should be at right angles to signal lines on the other side to 
minimize coupling. Vee and Vr7 distribution lines can also 
act as the return side of transmission lines, as long as de- 
coupling capacitors to ground are placed in the immediate 
areas where the signal return current must continue through 
ground. 


Several connections along the edge of a PC card should be 
assigned to ground to accommodate backplane signal 
ground. These should be spaced at one-half to one inch 
intervals to minimize the average path length for signal re- 
turn currents and to simulate a distributed connection to the 
backplane signal ground. 


Not enough emphasis can be placed on the requirement for 
a good ground. All input signals are referenced to internal 
Veep and the Vgz is referenced to Vcc (ground). Any varia- 
tion from one side of the board to the other affects the noise 
margins. To help eliminate some of the variations a sepa- 
rate Voca is provided on F100K ECL circuits to power the 
output drivers and leave the Vcc going to internal circuitry 
unaffected. 


Backplane Construction 


In order to take complete advantage of the speeds inherent 
in F100K ECL it is desirable to construct the backplane as a 
multilayer printed circuit board. Generally, two internal lay- 
ers are devoted to ground and Veg and the signals occupy 
the outside layers. Where power densities are very high, it 
may be necessary to supplement the power layers with ex- 
ternal busses (see Backplane Interconnections, Chapter 4). 


lf it is necessary to use wires to augment the interconnec- 
tion provided by the traces, less critical signals should use 
the wires. The wires will exhibit an impedance which can be 
calculated with the wire-over-ground formula 


138 4h 
Zo = —= Logio — 5-9 
Oe S10 | (5-9) 
where d is diameter, h is distance to ground, and é¢ is di- 
electric constant. 


Bear in mind that if the ground plane is buried inside the 
board, then both h and e are made up of multiple compo- 
nents. 


Termination Supply, Vt 


A separate return voltage for the termination resistors offers 
a way to minimize power dissipation in systems extensively 
using parallel termination techniques. A-2V V77 value rep- 
resents an optimum speed/power trade-off, allowing suffi- 
cient termination current to discharge load capacitances 
while minimizing the average power consumption. Figure 
5-170 shows the average values of current, IC power dissipa- 
tion and resistor power dissipation for various values of the 
termination resistor Rt returned to —2V. Average values 
are determined by calculating the output HIGH and output 
LOW values, then taking the average. These 50% duty cy- 
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Power Distribution and Thermal Considerations 


Termination Supply, Vttz (Continued) 


cle values are useful in determining the current drain on the 
~2V supply and the contribution to dissipation on the logic 
boards. Peak values of termination current are approximate- 
ly 60% greater than the average values listed. 


DC regulation of the —2V supply is not critical; a variation of 
+5% causes a change in output levels of +12 mV for 500 
terminations or +7 mV for 1002 terminations. 


The high frequency characteristics of the V77 distribution 
are extremely important. Ideally, a solid voltage plane 
should be devoted to Vrtr. If this is not feasible, the Vi 
distribution should form a grid using orthogonal traces. In 
any case, decoupling capacitors to ground should be used 
to reduce the high frequency impedance. 


> Zo 


ViT=-2.0V 
TL/F/9902-7 


14 eons - ener 
11 12 11 


9.3 9.1 
a 8.1 7.9 





100 7.3 7.3 7A 
150 5.0 4.9 5.0 


FIGURE 5-10. Average Current and Power Dissipation 
for Parallel Termination to —2V 


If the terminators used are in Single In-line Packages (SIP) 
or Dual-Iin-line Packages (DIP) as opposed to discrete resis- 
tors, particular attention must be given to decoupling in or- 
der to maintain a solid Vr7 voltage inside the package. This 
is necessary to avoid crosstalk due to mutual inductance to 
Vtt- SIPs have been developed which have multiple V7 
connections and on-board decoupling capacitors. 


Vee Supply 

The value of Vee is not critical for F100K since all circuits in 
the family operate over the range of —4.2V to —5.7V. De- 
coupling capacitors to ground should be used on each card, 
as previously discussed in connection with the ground on 
PC cards. In addition, each card should used 1 pF to 10 pF 
decoupling capacitors near the points where Veg enters the 
card. 


The current drain for the Vee supply for each circuit type 
can be determined from the data sheet specifications. For 
Vee values other than —4.5V, the current drain varies as 
shown in Figure 5-17 and 5-72 for SSI and MSI elements 
respectively. These graphs are made from data from the 
F100101 and F100179. 
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NORMALIZED SUPPLY CURRENT 


"25 -3.0 -36 -40 -45 —6.0 55 —6.0 65 
Vee — SUPPLY VOLTAGE — V 
TL/F/9902-8 
FIGURE 5-11. Supply Current vs 
Supply Voltage for F100101 


NORMALIZED SUPPLY CURRENT 


"125 -3.0 -3.5 -40 -45 —5.0 -5.5 -6.0 -65 
Veg — SUPPLY VOLTAGE — V 


TL/F/9902-9 
FIGURE 5-12. Supply Current vs 
Supply Voltage for F100179 


Series dividers used to obtain Thevenin equivalent parallel 
terminations increase the current load on the Veg supply, as 
do the pull-down resistors to Veg used with series termina- 
tion. Average Veg current and resistor dissipation for Theve- 
nin equivalent terminations are listed in Figure 5-73 for sev- 
eral representative values of equivalent resistance. The av- 
erage values apply for 50% duty cycle. Peak current values 
are approximately 11% greater. Dissipation in the IC output 
transistor is the same as in Figure 5-10. Average dissipation 
and lee current for several values of pull-down resistance to 
Vee are listed in Figure 5-14. The Re values are appropriate 
for series termination of transmission lines with impedances 
listed in the Zo column, determined from Equation 4-12. 
Peak current values are approximately 12% greater than 
average values. 


Figures 5-10, 13 and 14 show that the Thevenin equivalent 
parallel termination method leads to ten times as much dis- 
sipation in the resistors as in the single resistor returned to 
—2V. Similarly, the dissipation in Re for series termination is 
three times the dissipation in the parallel termination resistor 
to —2V. 





VEE Supply (Continued) 


Vrr=-2V 
TL/F/9902-10 


FIGURE 5-13. Serles Divider for Thevenin 
Equivalent Terminations 


Rs Zp 


Vee=~4.5V 
TL/F/9902-11 


Oo She (avg) mW 


FIGURE 5-14, Average Current and Power Dissipation 
Using Pull-Down Resistor to Veg 


Thermal Considerations 


System cooling requirements for ECL circuits are based on 
three considerations: (1) the need to minimize temperature 
gradients between circuits communicating in the single-end- 
ed mode, (2) the need to control the temperature environ- 
ment of each circuit to assure that the parameters stay with- 
in guaranteed limits, and (3) the need to insure that the 
maximum rated junction temperature is not exceeded. 


Temperature gradients are of no practical concern with 
F1i00K circuits since they are temperature compensated; 





7-53 


their output voltage levels and input thresholds change very 
little with temperature, as discussed in Chapter 1. With un- 
compensated ECL circuits, output voltage levels and input 
thresholds vary with temperature. This causes a loss of 
noise margin when driving and receiving circuits are operat- 
ing at different temperatures. Loss of HIGH-state noise mar- 
gin occurs when the receiving circuit is at the higher temper- 
ature, amounting to approximately 1 mV/°C of temperature 
gradient. When the driving circuit is at the higher tempera- 
ture, the LOW-state margin decreases by approximately 
0.5 mV/°C of gradient. The system designer must consider 
noise margin loss, due to temperature gradients. 


Each DC parameter limit on the F100K data sheets applies 
over the entire 0°C to + 85°C case temperature. For uncom- 
pensated ECL circuits, parameter limits have different val- 
ues for different ambient temperatures. Further, ambient 
temperature specifications are based on a minimum air flow 
rate of 400 linear feet per minute. Thermal equilibrium must 
be established for incoming test results of uncompensated 
ECL circuits to be valid. The time required to attain equilibri- 
um can vary considerably, depending on the internal dissi- 
pation of the particular IC type and details of the thermal 
arrangement. Normally, an adequate waiting time is three to 
five minutes after power is applied. 


The maximum rated junction temperature of F100K circuits 
is +150°C. An individual IC junction temperature can be 
determined by multiplying power dissipation by the junction- 
to-air thermal resistance @j4 and adding the result to the 
ambient air temperature. The power dissipation is Veg times 
lee, from the data sheet, plus the dissipation in the output 
transistors from Figure 5-10 or 5-74. Thermal resistance is 
shown in Figure 5-15 as a function of cooling air flow rate. 
This figure applies when the IC is mounted on a board with 
the air flowing in a plane parallel to the board and perpen- 
dicular to the long axis of the IC package. When air temper- 
ature, flow rate and package power dissipation are known, 
junction temperature is determined as follows. 


Ty = Ta + Po8ua 


Wf, 24-PIN FLATPAK (4 V) AL203 BASE 


P 24-PIN CERAMIC DIP (6 Y) AL203 
ZA Base 


NYY \y 24-PIN FLATPAK (4 Q) BeO BASE 
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AIR FLOW RATE — LINEAR FT/MIN. 


TL/F/9902~-12 
FIGURE 5-15. Junction-to-Air Thermal 
Resistance vs Air Flow Rate 
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Power Distribution and Thermal Considerations 


Thermal Considerations (continued) 

Conversely, when the maximum rate junction temperature 
(+ 150°C), the package power dissipation, and the air tem- 
perature are known, the minimum flow rate can be deter- 
mined by first determining the maximum thermal resistance. 


150° —T 
Maximum @ja = Umea 
Pp 


For this value of @yq the minimum flow rate is determined 
from Figure 5-185. 


(5-11) 


When the system designer plans to depend on natural con- 
vection for cooling, it is recommended that thermal tests be 
conducted to determine actual conditions. The effective- 
ness of natural convection for cooling varies greatly. For 
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instance, on a densely packed logic board in a horizontal 
attitude in still air, the effective ambient temperature for an 
IC varies with its position. An IC in the middle of the board is 
subjected to air that is partially heated by surrounding ICs. 
Additionally, the temperature of the board rises due to heat 
flow through the component leads. These effects can cause 
a much higher junction temperature than might be expect- 
ed. 


Reference 
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Chapter 6 
Testing Techniques 


Introduction 


The purpose of this chapter is to assist personnel involved 
with incoming inspection and qualification testing, by dis- 
cussing the various methods and techniques used in testing 
ECL devices. 


Testing includes verifying functionality, checking DC para- 
metric limits and measuring AC performance. These tasks 
are particularly difficult for ECL devices in light of the broad 
range of products: RAMs, PROMs, gate arrays, and logic 
circuits. Correlation between supplier and user is extremely 
important. Recognizing the differences between high-vol- 
ume instantaneous testing, as performed by the supplier, 
and the user’s concern for long term performance in a given 
operating environment, National guarantees the data sheet 
limits as specified, although testing may be performed by 
alternate methods. 


Tester Selection 


Although many makes and types of automatic test systems 
are available and in use today, not all are capable of testing 
ECL RAMs, PROMs, logic and gate arrays. 


Logic and gate array testers require DC Accuracy, subnano- 
second AC test capability, and the ability to change soft- 
ware for each device. Software capability and the number of 
test pins available are major considerations in choosing a 
gate array tester. Functional, DC and threshold tests are 
successfully performed on automatic test equipment, but 
subnanosecond propagation delays are difficult to measure 
accurately. 


The use of dedicated testers to perform high-volume memo- 
ry testing is very common. Testers containing hardware ad- 
dressing capability are usually the most efficient. Although 
basic DC testing is similar for any device type, RAM and 
PROM functional testing usually require special addressing 
capabilities to test for pattern sensitivity. The pattern gener- 
ators and output comparators must have minimum skew to 
obtain maximum tester accuracy. Functional and AC tests 
are performed simultaneously; then, DC and threshold tests 
are performed. 


The following considerations must be taken into account 
when selecting a tester. 

Noise 

Since the voltage swing on ECL input and output levels is 
only about 800 mV, it is very important that the power sup- 
plies and voltage drivers be extremely clean and free of 
spikes, hum, or any other type of noise. 

DC Resolution 

The threshold measurements (Viy (Min) VIL (Max)) require 
that input voltage be extremely accurate and repeatable, 
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i.e., if the Vi_ (Max) is Specified as —1.475V, a voltage 
source of — 1.475 +5 mV is not adequate to accurately test 
the part. Ideally, the driver and the output comparators 
should have an accuracy of +1 mV. 


Current Capability 


Since ECL is noted for high current requirements, power 
supplies for Veg should be capable of supplying current with 
a 25% reserve over the highest powered parts. This reserve 
should be included because power supplies tend to get 
noisy when approaching the current clamp. Some ECL LSI 
parts dissipate over 4.5W; therefore, with a Veg of —4.5V, 
the power supply must provide well over 1A. 


Edge Rates 


When testing edge-triggered sequential logic parts such as 
flip-flops and shift registers, it is important that the rise and 
fall times of the clock pulses be fast, clean and free from 
overshoot. If the clock edges are not adequate, the deficien- 
cy can be overcome using a Schmitt trigger as shown in 
Figure 6-1. 


RELAY TELEDYNE 
5-712 5V 

2x FORM 

“C" CONTACTS 


oe OO 


TO DEVICE 
UNDER TEST 
68 1) 


TL/F/9903~1 
FIGURE 6-1. Typical Schmitt Trigger Circuit 


The 680 resistor provides hysteresis by positive feedback, 
thus improving the edge rates. When energized, the relay 
provides a path to bypass the Schmitt trigger, so the input 
currents of the device under test can be measured. 


SIGNAL 
FROM 
TESTER 





Functional Testing 


The functional operation and truth table for all device types 
are checked using automatic test equipment. For memory 
devices, pattern sensitivity and AC characteristics are also 
tested automatically. Functional testing is usually performed 
before DC testing. Logic parts are functionally tested in all 
modes of operation. The inputs are driven using typical Viy 
and Vi, values. The outputs are compared against relaxed 
Vou and Vo, limits. The Vin, Vit, Von and Voy limits are 
tested during DC testing. 
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Testing Techniques 


DC Testing 


An automatic tester is used to test all DC parameters listed 
on the individual data sheet for each input and output. The 
device may have to be preconditioned to obtain the correct 
output logic state. The cable length should be kept to a 
minimum to insure signal integrity. 


Threshold Measurements 


Threshold measurement on an automatic tester is probably 
the most difficult DC test and the test most prone to oscilla- 
tion. When testing, take one input at a time to threshold; all 
other inputs remain at full Vi4 or Vi_ levels. For example, to 
test a flip-flop, make sure the output is LOW before test, 
take the data pin to HIGH threshold, and apply the clock 
pulse. Verify that the HIGH has been transferred to the out- 
put. Next, apply LOW threshold to the data input and clock it 
through; use hard levels on the clock (full Vjy and Vj,). 
Check that the output pin goes LOW. 


X-Y PLOTTER 


Bench Testing 


Occasionally, it is necessary to obtain data not easily avail- 
able from an automatic tester. This is accomplished by test- 
ing devices in a universal test board. The typical test circuit 
board is double-clad copper. All input/output pins go to sin- 
gle-pole, triple-throw switches so that Viy, Vi_ or a 502 ter- 
minating resistor can be connected. Leadless 0.05 uF ca- 
pacitors decouple all pins to Voc (+ 2V) at the socket pins. 
Access to the device under test is made via banana sockets 
to the X-Y plotter. 


Vin/Vourt Plot—The input ramp supply is OV to — 2V varied 
by a multi-turn potentiometer. The input voltage (Vix) versus 
output voltage (Vout) is plotted on an X-Y recorder using 
the test setup shown in Figure 6-2. 


Vout/loutr Plot—The output voltage (Voyt) versus output 
current (lout) can be plotted using the test setup shown in 
Figure 6-3. 


POWER 
OV SUPPLIES 


TL/F/9903~2 


FIGURE 6-2. Vin/Vout Transfer Characteristics 





X-Y PLOTTER 


FIGURE 6-3. Vout/lIout Characteristics 
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AC Testing 


Because few automatic measurements systems have suffi- 
cient accuracy to perform subnanosecond testing, AC test- 
ing of ECL is one of the most difficult tests to accomplish. 
To obtain subnanosecond accuracy usually requires special 
test fixtures and equipment. The physical location of the test 
fixture, the input driver and the output comparator is very 
important. 


Depending upon the accuracy and repeatability of the auto- 
matic tester, a bench setup may be required for correlation. 
Comparing an air line with known propagation delay to the 
test setup is recommended. 


AC Test Fixtures 


Test fixture design plays a pivotal role in insuring that undis- 
torted waveforms are applied to the Device Under Test 
(D.U.T.) and that the device output can be monitored cor- 
rectly. 

Board Construction and Layout 


ECL AC bench test fixtures are built on a double-clad print- 
ed circuit board or on a multilayer printed circuit board with 
semi-rigid coax. The power planes are shorted at the device 
and brought out to banana sockets with the decoupling ca- 
pacitors at the device. Transmission lines of 509 are main- 
tained from soldered-on BNC or SMA connectors to the 
D.U.T. Sense lines from the D.U.T. output and input pins to 
the connectors must be of electrically equal length. For in- 
put pins, care must be taken to insure that the force and 
sense lines are brought directly to the point that makes con- 
tact with the D.U.T. For output pins, only the output sense 
lines are used to monitor the signals. The force lines are 
disconnected at the device to minimize signal distortion. 
Special care must be taken to minimize crosstalk and stray 
capacitance in the area of the D.U.T. For correlation, flat- 
paks are not tested in sockets but are clamped to the traces 
of a multilayer PC board. Dual in-line devices are plugged 
into individual pin sockets instead of normal test sockets. 
Due to equipment limitations and for correlation, the ampli- 
tude, offset, rise and fall time are set up with no device in 
the test socket. 

The bench test fixture to measure toggle frequency utilizes 
the principles described in the preceding paragraph except 
that the feedback path between the output and data input is 
as short as possible. 

Output Termination 

All outputs should be terminated with 502 +1% resistors. 
This is especially important for complementary outputs. 
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When bench testing, the device is offset by +2V; Veg is 
—2.5V; Voc, Voca is + 2V. Then the 502 input impedance 
of the sampling oscilloscope acts as the termination resistor 
to OV. The input and output coaxial cable to the oscillo- 
scope should be cut to exactly the same electrical length. 


Decoupling 


Not enough emphasis can be put on the importance of good 
decoupling on the D.U.T. because oscillations can give erro- 
neous test results. A sampling scope should be used to 
make sure that oscillation is not occurring. 


The value of capacitors used depends on the type of tester 
used and the frequency of test. Some testers use pulse test; 
in other words, for each individual test in a program, Veg is 
powered up and down. On this type of tester, electrolytic- 
type (i.e., large value) capacitors cannot be used because of 
the time constant needed to charge the capacitor. 


Always start with the minimum decoupling needed to 
achieve good results, perhaps merely a capacitor between 
Vcc and Veg. Capacitors should be placed as close as pos- 
sible to the D.U.T. to eliminate as much inductance as pos- 
sible. Only low-inductance capacitors should be used; lead- 
less monolithic ceramic capacitors are very effective. 


There are no rigid decoupling rules, and each device type 
may have its own decoupling requirements. A typical decou- 
pling technique that works well on most F100K devices is to 
place 0.01 pF to 0.1 uF monolithic ceramic capacitors in 
the following locations. 


© If no offset is used: 
between Veg (—4.5V) and Voc, Voca (OV) 
between Vty (—2V) and ground (OV) 


If +2V offset is used: 
between Vcc, Vcoca (+2V) and ground (0V) 
between Veg (—2.5V) and ground (0V) 


In most cases, Voca and Vcc should be shorted as close 
to the D.U.T. as possible. However, if the Voca and Voc 
pins are physically separated, individual decoupling ca- 
pacitors may be necessary. 


For DC test only place a 0.001 uF capacitor: 
between an input pin and Veg 
between an output pin and Voca 


Decoupling problems will appear mainly at threshold test. If 
certain outputs fail, try the decoupling technique, described 
in the preceding paragraph, on those outputs and the asso- 
ciated inputs. With testers that use the power-hold method, 
such as the Sentry®, large electrolytics can be used in par- 
allel with smaller (0.01 F) disk capacitors for the high-fre- 
quency bypass. 
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ELECTROSTATIC DISCHARGE 


Introduction 


The study of ESD failures began in earnest back when sys- 
tem designers, faced with very expensive assembly and 
post-assembly rework, began investigating system failures 
in great detail. In the course of their study, they checked all 
the records to determine which devices has passed earlier 
testing, but had failed once in the system. The data clearly 
indicated that something in the handling process resulted in 
higher attrition rates among the devices. Reliability physi- 
cists examined the failed devices in minute detail, in some 
cases subjecting them to examination under high powered 
scanning electron microscopes. 


The problem was found to be one of electrical overstress, 
and further investigation determined that the cause of the 
overstress was a phenomenon called electrostatic dis- 
charge (or ESD). : 


Explanation of How ESD Occurs | 


The concept of electrostatic discharge is easily understood. 
Electrostatic energy is static electricity, a stationary charge 
which can build up in either a nonconductive material or in 
an ungrounded conductive material. This charge can occur 
in one of two ways, either through polarization, which occurs 
when a conductive material is exposed to a magnetic field, 
or triboelectric effects, which occur when two surfaces con- 
tact and then separate, leaving one positively charged and 
one negatively charged. Friction between two materials in- 
creases triboelectric charge by increasing the surface area 
that comes in contact. A good example of this phenomenon 
would be the charge one accumulates walking across a ny- 
lon carpet. The discharge occurs when one reaches for a 
doorknob or other conductive surface. The types of ESD 
with which we will be concerned fall into the category of 
triboelectric effects. Within this category, various materials 
have differing potentials for charge. Asbestos, nylon, human 
and animal hair and wool have a high positive triboelectric 
potential. Silicon has one of the highest negative triboelec- 
tric potentials, followed by such materials as polyurethane, 
polyester and rayon. Cotton, wood, steel and paper all tend 
to be relatively neutral, which makes cotton clothing and 
steel table tops excellent ESD protective materials in envi- 
ronments where ESD problems can be anticipated. 


The intensity of the charge is inversely proportional to the 
relative humidity. As humidity decreases, ESD problems in- 
crease. For example, walking across a carpet will generate 
a 1.5 kV charge at 90%RH, but will generate 35 kV at 
10%RH. When an object storing a static charge comes in 
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contact with another object, the charge will attempt to find a 
path to ground, discharging into the contacted object. Al- 
though the current level is extremely low (typically less than 

0.1 nanoamp), the voltage can be as high as 35-50 kV. , 


The degree of damage caused by electrostatic discharge is 
a function of the size of the charge (which is determined by 
the capacitance of the charged object) and the rate at which 
it is discharged (determined by the resistance into which it is 
discharged). This relationship can be shown with a wave- 
form (Figure 7 ) that utilizes what is termed a double expo- 
nential decay pulse. With such a pulse, 99% of the energy 
will be dissipated in five time constants, with each time con- 
stant established by the resistance and capacitance men- 
tioned above. Where both are low, the discharge rate will be 
rapid enough to cause damage if the object into which dis- 
charge occurs is a semiconductor. As resistance and ca- 
pacitance increase, both the discharge rate and the risk of 
damage decrease. 
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FIGURE 1. Ideal RC Waveform 


It is estimated that the value of devices lost to ESD could 
run as high as $1 billion per year. Most electrostatic damage 
is caused by the handling of devices by personnel who have 
not taken adequate precautions. One would expect this in 
light of the fact that the capacitance of the human body 
ranges from 50 to 200 pF. The ESD characteristics of work 
surfaces and of materials passing through the area should 
not be ignored, however, in an attempt to concentrate on 
the human effect. 





Types of ESD Damage 


The damage caused by ESD results from the charge’s tend- 
ency to seek the shortest path to ground, overstressing any 
electrical interfaces in that path. There are several different 
types of damage that result, and each of these tends to be 
typical of specific component technologies and elements. 


Dielectric Breakdown 


Dielectric breakdown occurs when the voltage across an 
oxide exceeds its dielectric breakdown strength. The single 
most important factor in this breakdown is the oxide thick- 
ness (Figure 2). Thinner oxide is more susceptible to elec- 
trostatic punch-through, which leaves a permanent low-re- 
sistance short through the oxide. Where there are pin holes 
or other weaknesses in the oxide, damage will be possible 
at lower charge levels. It should be noted that semiconduc- 
tor manufacturers have reduced oxide thicknesses as they 
have reduced the overall size of the devices. ESD sensitivity 
has therefore increased dramatically. 
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FIGURE 2. Bipolar Transistor 


Electrostatic charge which does not actually result in a 
breakdown can cause lattice damage in the oxide, lowering 
its ability to withstand subsequent ESD exposure. A weak- 
ened lattice will also have a lower breakdown threshold volt- 
age, and this mechanism is voltage dependent. 


Thermal Secondary Breakdown or Junction Burnout 


Junction burnout is a significant failure mechanism for bipo- 
lar devices, and tends to be power dependent rather than 
voltage dependent. The interface (or junction) between a 
P-type diffusion and an N-type diffusion normally has a posi- 
tive temperature coefficient at low temperatures (that is, in- 
creased temperature will result in increased resistance). 
When a reverse-biased pulse is applied, the junction dissi- 
pates heat in its very narrow depletion region, and the tem- 
perature increases rapidly. lf enough energy is applied, the 
temperature of the junction will reach a point at which the 
- temperature coefficient of the silicon will turn negative (that 
is, at which increased temperature will result in decreased 
resistance). Since the area of the junction is not uniform, hot 
spots occur. When the melting temperature of silicon 
(1415°C) is reached as a result of the ensuing thermal run- 
away condition, junction melting occurs in the localized 
area. If there is an additional energy available after the initia- 
tion of melt, the hot spot can grow into a filament short. The 
longer the pulse, the wider the resultant filament short. 


After the occurrence of the transient, the silicon will resolidi- 
fy. In a relatively short pulse, a hot spot may form, but not 
grow completely across the junction. As a result, the dam- 
age may not manifest itself immediately as a junction short 
but will appear at a later time as a result of electromigration. 
Shrinking geometries will decrease junction areas, and this 
should increase the susceptibility of these devices to ESD 
related junction problems. 
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Metallization Melt 


Semiconductor interconnect metallization typically has a 
small cross-sectional area and limited current carrying capa- 
bility. As feature sizes continue to be reduced, metallization 
cross-section will be reduced as well. Reducing metalliza- 
tion line width by half and metallization thickness by half 
reduces the current carrying capability of that metallization 
stripe by 75%. Metallization melt, which is a power-depen- 
dent failure mechanism, is more likely to occur during short 
duration, high current pulses, since the only available heat 
sink (the bonding pad) is nearby and the heat dissipated in 
the metallization does not have time to flow into the sur- 
rounding areas. It can also occur as a side effect during 
junction melt. 


Latent Failures 


Immediate failure resulting from ESD exposure is easily de- 
termined: the device no longer works. A failed device may 
be removed from the lot or from the subassembly in which it 
is installed, and it represents no further reliability risk to the 
system. There are, however, devices which have been ex- 
posed to ESD but which have not immediately failed. Unfor- 
tunately, there has never been sufficient data dealing with 
the long-term reliability of devices which have survived ESD 
exposure, although some experts feel that two to five devic- 
es are degraded for every one that fails. It should be obvi- 
ous from an examination of the failure mechanisms de- 
scribed above that there can be significant degradation 
without immediate failure. Damage can manifest itself in ei- 
ther a shortening of the device's lifetime (a possible cause 
for many of the infant mortality failures seen during burn-in) 
or in electrical performance shifts, many of which cause the 
device to fail electrical test limits. 


ESD Protective Measures 


It should be obvious then that there are three principal con- 
siderations when dealing with ESD. The first is that the de- 
vice should be designed in a manner that minimizes ESD 
sensitivity and incorporates some ESD protective features. 
The second is that both manufacturers and users must un- 
derstand the ESD susceptibility of the devices with which 
they are dealing. Thirdly, both user and manufacturer must 
understand the generation of and sources of ESD charges 
well enough to establish proper precautions throughout their 
plants. 


Device Design 


The continuing development of faster and more complex 
ICs makes it unlikely that we will see a return to thicker 
oxide layers or larger junctions. Early |Cs used fairly simple 
clamping diodes on the inputs to protect them against volt- 
age transients in the system. Similar, but more complex pro- 
tective networks can be employed to provide ESD protec- 
tion. An example of such circuitry is shown in Figure 3 as it 
is employed in the design of the F100K 300 Series family. 
Electrostatic discharge (ESD) protection diodes were added 
to all 300 Series designs specifically in the circuit paths that 
were most prone to ESD damage on F100K 100 Series 
products: input-to-Vcc, input-to-Veg, and output-to-Voc. 
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These diodes (D1, D2 and D3) are utilized to shunt the cur- 
rent caused by an ESD voltage pulse away from either the 
input or output circuitry. Depending on the polarity of the 
ESD voltage, the diodes either become forward-biased, di- 
recting the current into the supply, or go into reverse break- 
down, directing the current into the substrate. Either way the 
ESD-caused current is shunted away from the input and 
output transistors, avoiding damage to the circuitry. The di- 
odes are designed to be rugged enough to guarantee 
2000V of ESD protection on all 300 Series products (they 
typically withstand up to 4000V). Even in providing this pro- 
tection level, these diodes have a negligible impact on input 
capacitance. Addition of these diodes typically adds only 
tenths of picofarads to each product’s input capacitance. 


Assessing ESD Tolerance Levels 


As awareness of the importance of addressing ESD con- 
cerns spread, many experts felt that ESD testing had to be 
uniform if results were to be shared. Method 3015 of MIL- 
STD-883 was created for the purpose of allowing manufac- 
turers to assess the ESD tolerance levels of the devices 
they offered and to allow users to determine the ESD sensi- 
tivity of the parts with which they were assembling systems. 
Method 3015 has established a test circuit (see Figure 4) 
which approximates the resistance and capacitance found 
in the human body (which continues to provide the major 
source of destructive ESD). The testing is performed by 
charging the capacitor in the test circuit and then discharg- 
ing that capacitor into the unit under test. After testing, a 
device will be classified as either Class 1, those devices 
which exhibit ESD-induced failure or degradation at levels 
between zero volts and 1,999V; or Class 2, those which may 
exhibit ESD sensitivity at levels between 2,000V and 
3,999V; or Class 3, those devices which may exhibit ESD 
sensitivity at levels above 4,000V but have passed all test- 
ing up to that level. This testing is performed on a sample 
basis at initial device qualification and need not be repeated 
unless the device is redesigned. The testing is considered 
destructive, even for those devices which do not fail. 
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FIGURE 4. ESD Test Circuit 
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A device may be characterized as Class 1 in lieu of testing 
at a manufacturer's discretion. Some manufacturers, con- 
cerned with the possibility of latent damage due to inade- 
quate protection of devices which test as Class 2, and con- 
cerned that static charges resulting from handling can run 
as high as 50 kV, have elected to treat all of their devices as 
Class 1, thus ensuring that consistent implementation of 
common handling procedures will provide maximum protec- 
tion for all devices. 


Data generated by an RADC study of electrostatic dis- 
charge susceptibility (VZAP-1, Spring 1983) would seem to 
support that kind of a conservative approach. The data (see 
Figure 5) shows the point at which failure first occurred for 
a given device. It indicates that there are a number of devic- 
es which can be expected to fail between 2 kV and 5 kV, but 
few that will survive beyond 10 kV. 


Those devices which are classified as Class 1 must be 
marked with one equilateral triangle, and those classified as 
Class 2 must be marked with two equilateral triangles to 
identify them as static sensitive. (Class 3 devices will have 
no top mark designator.) 


' TABLE |. Device ESD Failure Threshold Classification 


No mark 


ESD Precautionary Measures 


ESD protective measures fall into two categories: those 
which shield the device from ESD and those which control 
the occurrence of ESD. ESD shielding can be accomplished 
by either grounding all of the device leads together, thus 
providing a more direct path to ground, or by surrounding 
the device with insulating material that would keep ESD 
from reaching the device. The first method is most practical 
during device assembly and environmental test, the second 
during shipment and storage. However, neither can be uti- 
lized during electrical testing. 


Most of the handling of ICs, however, occurs during electri- 
cal testing. Testing cannot be performed if the device’s 
leads are shorted together, nor can it take place if the de- 
vice is within an insulated container. Control of ESD during 
testing is therefore extremely important. This is accom- 
plished through the grounding of all potential sources of 
ESD. Stainless steel work surfaces connected to ground 













through an appropriate resistive element provide a harmless 
bleed-off of any charge that occurs. Requiring that all per- 
sonnel who handle devices wear ground straps can effec- 
tively eliminate the human body and its clothing as sources 
of ESD. It is also important to minimize the handling of de- 
vices. This can be partially accomplished through the use of 
automated test handlers, which allow the devices to be 
loaded into the testers from ESD-protective rails and re- 
turned to those rails from the tester. Equally important is the 
elimination of any unnecessary testing or test insertions. 
Semiconductor manufacturers have decreased the number 
of test insertions for many devices by combining parametric, 
functional and switching tests onto a single insertion test 
program. Users have minimized handling by relying more 
heavily on the testing performed by their vendors and by 
eliminating incoming testing. Pick-and-place systems and 
other automated board assembly hardware have also 
helped to minimize device handling. Most systems manufac- 
turers have also implemented procedures that minimize the 
handling of boards and subassemblies in order to ensure 
that devices receive no potentially damaging exposure to 
ESD after board assembly. 


4kv 6kV 


BkV 


Effective control of ESD, however, cannot be accomplished 
unless the entire work area is designed around ESD con- 
cerns. At the National Mil/Aero facilities, all work areas in 
which parts may be handled or through which parts may 
pass have ESD-protective flooring in addition to grounded 
work surfaces, ground straps for all operators, and other 
protective features. This level of attention to detail is essen- 
tial to the minimization of ESD problems. 


Summary 


Electrostatic discharge will continue to be a major concern 
for those who use semiconductor devices. As device geo- 
metries continue to shrink, the ESD sensitivity of devices 
will increase. Only through proper handling and packaging, 
and through proper attention to ESD concerns will we be 
able to ensure that long term reliability of key systems is not 
negatively affected by ESD problems. 
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FIGURE 5. Failure Rate at Ascending ESD Voltages 


7-61 





sanbiuyoa, BunsaL 





Quality Assurance and Reliability 





National © 
Semiconductor 


Chapter 7 
Quality Assurance and Reliability 


Introduction 


F100K ECL is manufactured to strict quality and reliability 
standards. Product conformance to these standards is in- 
sured by careful monitoring of the following functions: (1) 
incoming quality inspection, (2) process quality control, (3) 
quality assurance, and (4) reliability. 


Incoming Quality Inspection 


Purchased piece parts and raw materials must conform to 
purchase specifications. Major monitoring programs are the 
inspection of package piece parts, inspection of raw silicon 
wafers, and inspection of bulk chemicals and materials. Two 
other important functions of incoming quality inspection are 
to provide real-time feedback to vendors and in-house engi- 
neering, and to define and initiate quality improvement pro- 
grams. 


Package Piece Parts Inspection 


Each shipment of package piece parts is inspected and ac- 
cepted or rejected based on AQL sampling plans. Inspec- 
tion tests include both inherent characteristics and function- 
al use tests. Inherent characteristics include physical dimen- 
sions, color, plating quality, material purity, and material 
density. Functional use tests for various package piece 
parts include die attach, bond pull, seal, lid torque, salt at- 
mosphere, lead fatigue, solderability, and mechanical 
strength. In these tests, the piece parts are sent through 
process steps that simulate package assembly. The units 
are then destructively tested to determine whether or not 
they meet the required quality and reliability levels. 


Silicon Wafer Inspection 


Each shipment of raw silicon wafers is accepted or rejected © 


based on AQL sampling plans. Raw silicon wafers are sub- 
jected to non-destructive and destructive tests. Included in 
the testing are flatness, physical dimensions, resistivity, oxy- 
gen and carbon content, and defect densities. The test re- 
sults are used to accept or reject the lot. 


Bulk Chemical and Material Inspection 


Bulk chemicals and materials play an important role in any 
semiconductor process. To insure that the bulk chemicals 
and materials used in processing F100K wafers are the 
highest quality, they are stringently tested for trace impuri- 
ties and particulate or organic contamination. Mixtures are 
also analyzed to verify their chemical make-up. 


Incoming inspection is only the first step in determining the 
acceptability of bulk chemicals and materials. After accept- 
ance, detailed documentation is maintained to correlate pro- 
cess results to various vendors and to any variations found 
in mixture consistency. 
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Process Quality Control 


Process quality is maintained by establishing and maintain- 
ing effective controls for monitoring the wafer fabrication 
process, reporting the results of the monitors, and initiating 
valid measurement techniques for improving quality and reli- 
ability levels. . 


Methods of Control 


The process quality control program utilizes the following 
methods of control: (1) process audits, (2) environmental 
monitors, (3) process monitors, (4) lot acceptance inspec- 
tions, (5) process qualifications, and (6) process integrity 
audits. These methods of control, defined below, character- 
ize visually and electrically the wafer fabrication operation. 


Process Audit—Audits concerning manufacturing operator 
conformance to specification. These are performed on all 
operations critical to product quality and reliability. 


Environmental Monitor—Monitors concerning the process 
environment, i.e., water purity, air temperature/humidity, 
and particulate count. 


Process Monitor—Periodic inspection at designated pro- 
cess steps for verification of manufacturing inspection and 
maintenance of process average. These inspections pro- 
vide both attribute and variables data. 


Lot Acceptance—Lot by lot sampling. This sampling meth- 
od is reserved for those operations deemed as critical and, 
as such, requiring special attention. 


Process Qualification—Complete distributional analysis is 
run to specified tolerance averages and standard devia- 
tions. These qualifications are typically conducted on depo- 
sition and evaporation processes, i.e., epi, aluminum, vapox, 
and backside gold. : 


Process Integrity Audit—Special audits conducted on oxi- 
dation and metal evaporation processes (CV drift—oxida- 
tion; SEM evaluation—meta! evaporation). 


Data Reporting 


Process quality control data is recorded on an attribute or 
variable basis as required; control charts are maintained on 
a regular basis. This data is reviewed at periodic intervals 
and serves as the basis for judging the acceptability of spe- 
cific processes. Summary data from the various process 
quality control operations are relayed to cognizant line, engi- 
neering and management personnel in real time so that, if 
appropriate, the necessary corrective actions can be imme- 
diately taken. 

Process Flow 

Figure 7-1 shows the integration of the various methods of 
control into the wafer fabrication process flow. The process 
flow chart contains examples of the process quality controls 
and inspections utilized in the manufacturing operation. 





Process Quality Control (Continued) 


MATERIAL INPUT 
Photo Resist 
Quartzware 
Gas—Dopant and Solvents 
Wafers 


RUN SET UP 
OXIDATION 


MASKING 
PHOTORESIST 
AND ETCHING 


SOLID STATE DIFFUSIONS: 
Buried Layer, Epitaxy, 


Getter, lon Implant, 
Base and Emitter 





THIN FILM: Metal (aluminum, 
nichrome, titanium-tungsten 
and Chemical Vapor) 
Deposition (silox, doped silox 
and nitride passivation) 


WAFER SORT 


OUTGOING 
WAFER 
INSPECTION 


ASSEMBLY 


FIGURE 7-1. Process Flow Chart 
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Process Controls (Examples) 


A. 
B. 
C. 


Environmental 
Chemical supplies 


Substrate examination (resistivity, flatness, thickness, 
crystal perfection, etc.) 


. Photoresist evaluation 


. Mask inspections 


. Process audit 


. Process audit/qualification 
. Environmental 


. Process monitors (thickness, pinhole and crack mea- 


surements) 


D. C V Plotting 


m 


00 WO > 
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. Calibration 


. Process audits 

. Environmental 

. Visual examinations 

. Photoresist evaluation (preparation, storage, application, 


baking, development and removal) 


. Etchant controls 
. Exposure controls (intensity, uniformity) 


. Process audits/qualification 

. Environmental 

. Temperature profiling 

. Quartz cleaning 

. Calibration 

. Electrical tests (resistivity, breakdown voltages, etc.) 


. Process audits/qualification 
. Environmental 
. Visual examinations 


. Epitaxy controls (thickness, resistivity cleaning, visual 


examination) 


. Metallization controls (thickness, temperature cleaning, 


SEM, C V plotting) 


. Glassivation controls (thickness, dopant concentration, 


pinhole and crack measurements) 


. Process audit 
. Environmental 
. Visual examinations 


. Process audit 
. Inspection 
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Quality Assurance 


To assure that all product shipped meets both internal Na- 
tional specifications for standard product and customer 
specifications in the case of negotiated specs, a number of 
QA inspections throughout the assembly process flow (Fig- 
ure 7-2) are required. A flow, much more detailed than the 
one presented in Figure 7-2, governs the assembly of the 
devices and the performance of the environmental, me- 
chanical and electrical tests. 


Reliability 

A number of programs, among them qualification testing, 
reliability monitoring, failure analysis, and reliability data col- 
lection and presentation, are maintained. 

Qualification Programs 


All products receive reliability qualification prior to the prod- 
uct being released for shipment. Qualification is required for 
(1) new product designs, (2) new fabrication processes or 


MIL-STD-883 


Operation Method/Condition 


Die Forming/Scribe 
Plate 
Internal Visual (2nd OPT) 2010/B 


QA—Internal Visual (2nd OPT) 
Optional 


2010/B 


Die Attach 
QA—Die Shear Strength 


Ultrasonic Bonding 


QA—Ultrasonic Bond Strength 
Internal Visual (8rd OPT) 
QA—Internal Visual (8rd OPT) 
Seal—Solder or Glass 


External Visual (4th OPT) 2009 


QA—External Visual (4th OPT) 2009 


High Temperature Storage 1008/C,E | 


Temperature Cycling 1010/C 


Constant Acceleration 2001/E 
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(3) new packages or assembly processes. Stress tests are 
run and the results are evaluated against existing reliability 
levels. These results must be better than or equal to current 
product for the new product to receive qualification. 

New Product Designs—Receive, as a minimum, + 125°C 
operating life tests. Readouts are normally scheduled at 168 
hours, 1168 hours and 2168 hours. The samples stressed 
are electrically good units from initial wafer runs. Additional 
life testing, consisting of high-temperature operating life 
test, 85/85 humidity bias tests and bias pressure pot 
(BPTH) tests, may be run as deemed necessary. Redesigns 
of existing device layouts are considered to be new product 
designs, and full qualification is necessary. 

New Fabrication Processes—Qualifications are designed 
to evaluate the new process against the current process. 
Stress tests consist of operating life test, high-temperature 
operating life test, 85/85 humidity bias test and/or biased 


MIL-STD-883 


Operation Method/Condition 


Plating (Tin/Gold)—Lead Finish 


QA—Plating 
Inspection/Solderability 
Lead Clip and Form 


Seal, Fine 

(Hermeticity Check) 1014 
5 x 10-8 
cc/sec 
Bubble Test— 
Fluorocarbon 


Seal, Gross (Hermeticity Check) 


Mark and Pack 


QA—External Visual 2009 


QA—Seal, Fine 1014 
(Hermeticity Check) 5 x 10-8 
. cc/sec 


QA—Seal, Gross (Hermeticity 
Check) 


Bubble Test— 
Fluorocarbon 


Electrical Test 


QA—Plant Clearance 


Distribution Store 
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FIGURE 7-2. Generalized Process Flow 





Reliability (continued) 


pressure pot (BPTH) test. In addition, package environment 
tests may be performed. Evaluations are performed on vari- 
ous products throughout the development stages of the 
new process. Units stressed are generally from split wafer 
runs. All processing is performed as a single wafer lot up to 
the new process steps, where the lot is split for the new and 
the current process steps. Then the wafers are recombined, 
and again processed as a single wafer lot. This allows for 
controlled evaluation of the new process against the stan- 
dard process. Both significant modifications to existing pro- 
cess and transferring existing products to new fabrication 
plants are treated as a new process. 


New Packages or Assembly Processes—Qualifications 
are performed for new package designs, changes to exist- 
ing piece parts, changes in piece part vendors, and signifi- 
cant modification to assembly process methods. In general, 
samples from three assembly runs are stressed to a matrix 
shown in Table 7-1. In addition, + 100°C operating life tests, 
85/85 humidity bias tests, biased pressure pot (BPTH) tests 
and unbiased pressure pot tests are performed. 


Reliability Monitors 


Reliability testing of mature products is performed to estab- 
lish device failure rates, and to identify problems occurring 
in production. Samples are obtained on a regular basis from 
production. These units are stressed with operating life tests 
or package environmental tests. The results of these tests 
are summarized and reported on a monthly basis. When a 
problem is identified, the respective engineering group is 
notified, and production is stopped until corrective action is 
taken. 


Current testing levels are in excess of 14,000 units per year 


stressed with operating life tests, and 23,000 units per year 
stressed with package environmental tests. 


Failure Analysis 


Failure analysis is performed on all units failing reliability 
stress tests. Failure analysis is offered as a service to sup- 
port manufacturing and engineering, and to support custom- 
er returns and customer requested failure studies. The fail- 
ure analysis procedure used has been established to pro- 
vide a technique of sequential analysis. This technique is 
based on the premise that each step of analysis will provide 
information of the failure without destroying information to 
be obtained from subsequent steps. The ultimate purpose is 
to uncover all underlying failure mechanisms through com- 
plete, in-depth, defect analysis. The procedure places great 
emphasis on electrical analysis, both external before decap- 
sulfation, and internal micro-probing. Visual examinations 
with high magnification microscopes or SEM analysis are 
used to confirm failure mechanisms. Results of the failure 
analysis are recorded and, if abnormalities are found, re- 
ported to engineering and/or manufacturing. 


Data Collection and Presentation 


Product reliability is controlled by first stressing the product, 
and then feeding back results to manufacturing and engi- 
neering. This feedback takes two forms. There is a formal 
monthly Reliability Summary distributed to all groups. The 
summary shows current product failure rates, highlights 
problem areas, and shows the status of qualification and 
corrective action programs. Less formal feedback is ob- 
tained by including reliability personnel at all product meet- 
ings, which gives high visibility to the reliability aspects of 
various products. As a customer service, product reliability 
data is compiled and made available upon request. 


TABLE 7-1. Package Environmental Stress Matrix 


Test 


GROUP B 


Subgroup 1 
Physical Dimensions 


Subgroup 2 
Resistance to Solvents 


Subgroup 3 
Solderability 


Subgroup 5 
Bond Strength 
(1) Thermocompression 
(2) Ultrasonic or Wedge 


GROUP C 


Subgroup 2 
Temperature Cycling 
Constant Acceleration 


Seal 
(a) Fine 
(b) Gross 
Visual Examination 
End-Point Electrical 
Parameters 


MIL-STD-883 
Condition 


Soldering Temperature of 260 + 10°C 


(1) Test Condition C or D 
(2) Test Condition C or D 


Test Condition C (— 65°C to + 150°C) 

Test Condition E (30 kg), Y; Orientation and X; Orientation 
Test Condition D (20 kg) for Packages over 5 gram weight or 
with Seal Ring Greater than 2 inches 
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Reliability (continued) 


Test 


GROUP D 


Subgroup 1 
Physical Dimensions 


Subgroup 2 
Lead Integrity 
Seal 

(a) Fine 
(b) Gross 
Lid Torque 


Subgroup 3 
Thermal Shock . 
Temperature Cycling 
Moisture Resistance 
Seal 
(a) Fine 
(b) Gross 
Visual Examination 
End-Point Electrical 
Parameters 


Subgroup 4 
Mechanical Shock 
’ Vibration, Variable 
Frequency 
Constant Acceleration 
Seal 
(a) Fine 
(b) Gross 
Visual Examination 
End-Point Electrical 
Parameters 


Subgroup 5 
Salt Atmosphere 
Seal 
(a) Fine 
(b) Gross 
Visual Examination 


Subgroup 6 
Internal Water-Vapor 
Content 


Subgroup 7 
Adhesion of Lead Finish 


2016 


2004 
1014 


2024 - 





TABLE 7-1. Package Environmental Stress Matrix (Continued) 


MIL-STD-883 
Condition 


Test Condition B2 (Lead Fatigue) 
As Applicable 


As Applicable 


Test Condition B (— 55°C to + 125°C) 15 Cycles Minimum 
Test Condition C (—65°C to + 150°C):100 Cycles Minimum 


Test Condition B (1500g, 0.5 ms) 
Test Condition A (20g) 


Same as Group C, Subgroup 2 


Test Condition A Minimum (24 Hours) 
As Applicable 
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Design Considerations for 
High Speed Architectures 


INTRODUCTION 


Users and software developers are placing increasing de- 
mands on the systems manufacturer to improve the per- 
formance of his products. Quite often, these demands can 
be reduced to two fundamental characteristics of the sys- 
tem, memory array size and system speed. Larger and larg- 
er memory arrays are required to support the memory inten- 
sive demands of new software applications. Furthermore, 
as software complexity increases, the system is burdened 
with more and more software overhead. Greater operating 
speeds are demanded out of a system in order to support 
the enlarged software demands without burdening the user 
with a less responsive system. 


Historically, memory array sizes could be improved with the 
implementation of larger TTL memory devices. The im- 
proved density and availability of semiconductor memory 
devices over the past twenty years is well known. Memory 
density has improved at roughly a geometric growth rate. To 
some extent, the memory device could be treated as an 
ever increasing, self contained black box. The techniques 
used to integrate a 256k DRAM are virtually identically to 
those required of a 1k DRAM. It was up to the semiconduc- 
tor manufacturer (and in his best interest) to maintain a logi- 
cal progression from one device generation to the next. Dur- 
ing this same period of time, small to mid-level systems 
(personal computers, workstations, graphic display stations, 
etc.) were in their infancy. Eventhough, processors were 
fairly low in speed and performance, software sophistication 
was low. Not long ago, systems operating at eight MHz with 
32k of memory were highly respected workhorses. Now, 
systems are moving into 25 MHz speeds with multi mega- 
byte memories and are pushing into the dual digit MIP 
ranges. 


To satisfy these demands, systems manufacturers are find- 
ing themselves more and more involved with ECL device 
families. ECL devices have always provided improved 
speeds over TTL devices. In the past, the improved speed 
was always at the cost of lower memory density, increase 
power demands, and greater difficulty in system design and 
integration. For the manufacturer with low power or high 
density applications, ECL devices were not an acceptable 
solution. While a large memory array could be constructed 
out of ECL 256-bit or 1k memories, the array typically be- 
came so large and power hungry that it became cost prohib- 
itive. Furthermore, processor engines were typically not 
available to make use of this high speed memory. 


With the advent of the National Semiconductor's BiCMOS 
ECL memory products, the traditional shortcomings related 
to density and power consumption have been eliminated. 
ECL memories rival their TTL counterparts in density and 
power consumption. In addition, these memories retain the 
traditional ECL speed advantage over their TTL cousins. 
Furthermore, ECL system environments offer distinct ad- 
vantages over TTL environments which can enhance sys- 
tem performance. 


National Semiconductor 
Application Note 573 
Mike Arden 


System Environments (ECL vs TTL) 


As mentioned previously, for low speed/performance sys- 
tems, ECL devices are more difficult to integrate into a sys- 
tem than TTL devices. This is due to the particular electrical 
requirements for ECL devices. Correctly implementing an 
ECL device is more than simply connecting an output of one 
device to an input of another. The system environment that 
an ECL device is placed in is defined (loading, network ter- 
minations, line impedances, etc.) and the device is designed 
specifically for this environment. A TTL device on the other 
hand is not designed for any particular system environment. 
While this aids the TTL device in fitting into general use 
applications, it is a major stumbling block for high speed 
applications. 

For example, TTL device outputs are designed for load con- 
ditions related to TTL input conditions. Figure 7a shows a 
common (databook) TTL test load configuration. This load is 
an approximation of multiple TTL input loads. When the out- 
put is in the HIGH state (> 2.4V), the load will sink a mini- 
mum of 4.0 mA. Conversely, when the output is in the LOW 
state (< 0.4V), the load will source a minimum of 8.0 mA. 
These are common Vow/Ion and VoL/Io_ DC conditions. 
The device is designed and tested to this set of conditions. 
As long as the device is placed in an environment such that 
signal paths are relatively short, the TTL output will behave 
as expected. However, if the device is placed into a trans- 
mission line environment the output characteristics will 
change depending on the characteristics of the signal line. 
(A transmission line environment exists if the overall length 
of the signal path is a significant (0.25) fraction of the rise/ 
fall time of the device output. The greater the fraction, the 
more the environmental effects.) If the transmission line net- 
work is designed for this type of loading, then there is a 
clean signal transmission; unfortunately, it is very difficult to 
obtain such a network for TTL devices. If the network is not 
characteristic of this load, then signal reflections and distor- 
tions result. These can delay signal propagation speeds 
through the system and affect overall system performance. 


Voc 


TL/D/10098-1 
FIGURE 1a. Databook 
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Theoretically, a transmission line network can be designed 
for a TTL load. Figure 1b shows the Thevenin equivalent of 
the TTL load. This equivalent load has the same loading 
properties as the original load. From this Thevenin load, a 
transmission line matching load can be derived (see Figure 
7c). The transmission line load is equivalent to the data- 
book load with the exception of the physical propagation 
delay of the transmission line. A device output will behave 
exactly the same with this load as it would with the databook 
load. The signal itself would be delayed by the transmission 
line, but not distorted. A device input at the other end of the 
line would see an undistorted TTL output waveform. 


166.50 
2 
= Yee 


TL/D/10098-2 
FIGURE 1b. Equivalent Loading 


Zo = 166.50. 166.50 


2 
s Yeo 





TL/D/10098-3 
FIGURE 1c. Transmission Line Match 


Unfortunately, TTL systems are not designed with this type 
of loading scheme. Figure 2 shows a more commonly found 
environment. Note that the signal line impedances are lower 
than the ideal. High impedances in printed circuit boards are 
difficult to manufacture and are not commonly found. Quite 
often 750-1000 is an upper limit. Also, the transmission 
line is unterminated. The ideal transmission line load used a 
166.59 resistor terminated to 3.33V. Terminated lines 
would require an additional power supply and many discrete 
resistors to implement. These differences equate to reflec- 
tions on the signal paths. These reflections can result in 
delays in data transmission. 


Figure 3a shows IV curves of TTL inputs and outputs in the 
HIGH state. These curves can be equated to time domain 
reflection diagrams illustrating the signal integrity. For the 
example of a 1009 environment, Figure 3b shows the re- 
sulting waveforms. For this example, any input at the far end 
of the line will receive a relatively clean signal. The signal is 
above the Vjp level at t = T and data can be properly identi- 
fied. The slight bump at t = 3T only cleans up the signal 
futher. The problem arises if another input is placed near 
the device output. Due to the reflection from the far end of 
the line, the input at A (device 2) has to wait until t = 2T 
before it receives clear identifiable data! Furthermore, any 
input placed somewhere between the output and the end of 
the transmission line will see some distorted signal which 
may not provide a valid data transition until t = 1.5T. This 
example is relatively simple; even still, such a reflected de- 
lay can amount to a significant percentage of the overall 
cycle rate and can cause a marked degradation in system 
speed. Depending on the type of routing scheme used, and 
the actual impedances of the PCB, even greater delays can 
occur. 


Zo = 1000 


TL/D/10098-4 


FIGURE 2. “Typical” Application 





10mA 20mA 30mA 40mA 50mA 


STATE 
(LOW) 


\om 


INPUT 
FIGURE 3a. TTL Transition to High State 


For ECL devices placed into their specified environment, 
reflections are not a concern. ECL devices are designed 
specifically for (60) transmission line networks. Figure 4a 
shows the databook load for ECL devices. This load is not 
only the test load for the device, it is also the specified load 
for the system environment. This load is a Thevenin equiva- 
lent and can be easily translated into an equivalent trans- 
mission line load (see Figure 4b). As was the case with the 
idealized TTL transmission tine load (Figure 1c), this load 
will transmit data cleanly with only the physical delay of the 
transmission line being a factor in propagation speeds. 





INPUT ((C)) 
I 


tp 2tp 3tp dtp Stp btp 7tp Btp 


TL/D/10098-5 
FIGURE 3b. Reflection Diagram 
for Transition to High State 


Unlike the typical TTL application, the typical ECL applica- 
tion utilizes this loading scheme (see Figure 4c). Conse- 
quently, there are no reflections or distortions of the signal 
transitions. Figure 5a shows the IV curves of ECL output 
LOW and HIGH conditions. Figure 5b shows the resulting 
time domain reflection diagram. This signal is cleanly propa- 
gated along the network until it arrives at the end of the line. 
Due to the fact that it is a properly terminated transmission 
line, there is no reflection. Any input placed along the line 
wil see a clean signal transition delayed by the propagation 
delay of the line to that point! The worst case delay for the 
signal is t = T! 


ECL Load Matching 


FIGURE 4a. Databook Load 


TL/D/10098-6 
FIGURE 4b. Transmission Line Match 


TL/D/10098-7 


FIGURE 4c. “Typical” Application 
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Data Transmission on ECL Systems 


TERMINATION 
LOAD LINE 
Zp = 500 
7 


ECL LOW 


FIGURE 5a. ECL Transition to High State 


ECL System Design Considerations 


Due to the terminated impedance environment required by 
ECL devices, there are a few basic routing rules which must 
be followed. Before designing an ECL system, an under- 
standing of these basic routing conditions should be under- 
stood. Some of the basic considerations are discussed 
here; a more comprehensive discussion can be found in the 
National F100K ECL User’s Handbook. 


The most straight forward connection method was shown in 
Figure 4c. This method simply places a 502 resistor at the 
input to the next device to provide a series terminated load. 
In some cases, it is desirable to connect several outputs to 
acommon bus. This is particularly desirable for ECL devices 


Party Lines 


TL/D/10098-9 
FIGURE 6a 
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at 3T 4T 
AT ECL OUTPUT ((A)) 


LAST ECL INPUT 
INTERMEDIATE ECL INPUT 
TL/D/10098-8 


FIGURE 5b. Reflection Diagram 
for Transition to High State 


since they have open emitter outputs and are specifically 
designed to be used in wired-or bus configurations. Figure 
6a shows a typical “‘party line’ connection. In this case, 
care must be taken to minimize the physical distance be- 
tween the two outputs. If the distance is large enough, the 
signal line between the two outputs will act as a transmis- 
sion line (Figure 6b). For the output in device 1 this doesn’t 
cause a problem, because it is at one end of the transmis- 
sion line. However, device 2 is in the middle of the transmis- 
sion line. The output in device 2 sees two transmission lines 
in parallel. The result is that the output sees the equivalent 
of a 25M transmission line for some length of time. This 
causes impedance mismatches at the terminated load and 
results in signal reflections. 


TL/D/10098-10 
FIGURE 6b 





Figure 7a shows an incorrect signal termination method. tions and disturbed signal integrity can result. A correct ter- 
The parallel terminations cause the impedance that the de- mination method for bus configurations is shown in Figure 
vice output sees to drop to 16.7. An impedance mismatch 7b. This configuration has only one terminated load and 
occurs at node A where the transmission lines split. Reflec- maintains a 50 environment throughout. 
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FIGURE 7a. Incorrect (For High Speed Applications) 


Zo = 500 Zo = 500 Zo = 502 


TL/D/10098-12 
FIGURE 7b. ECL Bussing Terminations 
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ECL PCB Design Considerations 


In order to design a printed circuit board for an ECL system, 
many factors have to be considered. The ultimate goal is to 
develop a PCB with transmission line impedances as close 
to 502 as possible. In order to accomplish this, the geome- 
try of the board itself and the properties of the ECL device 
must be considered. 


Figure 8 shows a PCB cross-section of several strip trans- 
mission lines. The factors affecting the overall impedance of 
the board are the metal thicknesses, widths, heights, and 
spacings; and the dielectric constants and thicknesses of 
the dielectric materials. For example, the impedance of a 
microstrip line can be found from: 

Zo = [87/V(e, + 1.41)]* In [4.98h/(0.8w + t)] 
where h = dielectric thickness, w = trace width, t = trace 
thickness, e, = dielectric constant of board material relative 
to air. 


This formula can be used to calculate the undisturbed or 
“unloaded” impedance of the PCB. Packaged devices have 


inherent capacitive and inductive characteristics which can 
load a PCB transmission line. What is desired from the sys- 
tem point of view is that the final or ‘‘loaded” impedance of 
the board is equal to 50. The capacitance of the device 
affects the final impedance of the PCB. Figure 9 shows a 
discrete RLCM model of the transmission line network 
shown in Figure 8 and Figure 10 shows the effect of adding 
a device to this network. Capacitors CD1, CD2 are the ca- 
pacitances of two device inputs. These capacitors are paral- 
lel to the capacitors of the transmission line and thus in- 
crease the overall capacitance of the transmission line. The 
inductors (LD1, LD2) are the inductances of two device in- 
puts. Though these inductors are parallel to the transmis- 
sion line, they do not affect the overall characteristics of the 
transmission line because they lead into an open circuit 
(they device itself). Consequently, the dominant effect of 
adding devices to a PCB is the increased capacitance of the 
PCB. 


YY, fi 
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TL/D/10098-13 


FIGURE 8. Geometric Model of PCB 


TL/D/10098-14 


FIGURE 9. RLCM Network Model for PCB (Unloaded) 
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TL/D/10098-15 


FIGURE 10. RLCM Network Model! for PCB (Unloaded) 


For example, an unloaded PCB transmission line could have 
the following properties: 

Co (characteristic capacitance) ~ 1.44 pF/cm 

Lo (characteristic inductance) ~ 3.61 nH/cm 
Since the impedance of a transmission line is equal to the 
square root of inductance divided by the capacitance, 

Zo (characteristic impedance) ~ 50.129 [unloaded]. 

If we want to place 5 devices along this line (10 cm in 
length) and each device has an input capacitance Cay = 
2 pF, the resulting impedance of the transmission line would 
be: 


Zo’ (loaded) 


V(Lo)/V(Co + Cut) 
Y (3.61 nH/cm)/V [1.44 pF/cm + 
(2 pF/device * 5 devices/10 cm)]} 
= 38.50 


This impedance is significantly lower than the 509 imped- 
ance which is needed. Consequently, the designer must de- 
sign his unloaded board to a sufficiently high impedance so 
that after the board is populated it will measure 50. 


1ns 


Modeling of Loaded Transmission Lines 


Using the RLCM model shown in Figure 10, a SPICE model 
can be constructed to evaluate the effects of increased de- 
vice capacitance on the PCB. 


Figures 11-13 show the output from such a SPICE model; 
the transition modeled is a low to high transition at nominal 
ECL levels. The transmission line model was tuned to a 
specific capacitance value for the device. As expected, the 
SPICE output predicts an underdamped condition for the 
unpopulated board (Figure 17). The transition first over- 
shoots and then undershoots the nominal Viy level. As ca- 
pacitance is added, the transition gets closer and closer to 
the ideal matched condition. Figure 12 shows the effects of 
an “overloaded” line. In this case, the capacitance of the 
device is not totally compensated by the PCB. Consequent- 
ly, the signal undershoots and then overshoots the nominal 
Vin level. 


Figure 13 shows the resulting signal of a tuned “loaded” 
transmission line. Due to the design of the transmission line, 
the added capacitance of the device is compensated by the 
intentional addition of increased line inductance. 


2ns 3ns 


TL/D/10098-16 


FIGURE 11 
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Ons ins 2ns_ 3ns 


TL/D/10098-17 
FIGURE 12 


Summary 


For maximum performance, layout and construction require- 
ments on printed circuit boards for next generation systems 
must become more demanding. While at first glance, de- 
signing with ECL devices poses more difficulties for a sys- 
tem designer than TTL devices, if the goal is to obtain high 
system performance then ECL devices offer significant ad- 


ins 2ns 3ns 
TL/D/10098-18 
FIGURE 13 


vantages. Because of the fact that they are designed specif- 
ically for high speed environments, the ECL device is easier 
to integrate into a high speed system. With the geometries 
and characteristics of the printed circuit board and the de- 
vice considered as a unit, a network can be designed to 
produce a clean controlled impedance environment for an 
ECL device much easier than for a comparable TTL device. 
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Using the F100250 for 
Copper Wire Data 
Communications 


Ideal “digital” signals do not exist, especially when the sig- 
nal must travel from source to destination over any current- 
carrying conductor. The world of “‘digital” signals is truly the 
world of high-frequency analog and radio-frequency (RF) 
amplifiers and energy transmission systems. This is espe- 
cially true for the case of high-speed copper wire data com- 
munications networks. The problems of sending signals 
over the wire interface, whether a printed circuit board or a 
coaxial cable, require a knowledge of transmission line the- 
ory. 

To effectively use devices like the F100250 Line Transceiv- 
er in high-speed data communications networks, the system 
designer needs to be acquainted with several subjects 
among which are: the effects of using pulse excitation on a 
transmission line, a knowledge of the various forms and 
modes of data-transmission-line circuit operation, familiarity 
with the problems of working with long transmission lines, a 
working knowledge of the driver and receiver, their electrical 
characteristics, and where and how to use them. This appli- 
cations note cannot treat the whole subject of ‘“‘digital” data 
transmission since the scope of that subject could and has 
filled whole volumes. This note will touch upon the transmis- 
sion line topic in conjunction with offering helpful sugges- 
tions on how to more effectively use the F100250 Line 
Transceiver. 


F100250 DESCRIPTION AND OPERATING FEATURES 


The F100250 is a quintuple, differential-line transceiver with 
the unique capability of being able to transmit and receive 
differential-mode signals simultaneously on the same trans- 
mission line. The F100250 is part of the National Semicon- 
ductor F100K ECL family. As such it shares ECL interface 
signal characteristics in common with the F100K family. 


The circuit of the F100250 (Figure 7) is comprised of a line 
transmitter with differential output, a differential receiver 
with transparent latch, signal separation circuitry, and inter- 
nal line termination circuitry. The transmitter is a single-end- 
ed input to differential-output amplifier which connects to 
the line through an active-resistive bridge network. This net- 
work provides the correct driving-point and termination im- 
pedances for the transmission line and forms part of the 
received-signal separation circuitry. 


Se ®e2e2e2erweeeanannawanwnnweanvooneaese 


TL/F/9564~1 
FIGURE 1. F100250 Block Diagram 


National Semiconductor 
Application Note 582 
Jim Mears 


The receiver consists of a voltage subtractor and hysteresis 
circuit followed by an amplifier and emitter-follower output. 
The receiver has a common-mode voltage immunity of 
+1V. The possibility of oscillation in response to slow rise 
or fall times is reduced by using hysteresis; and the ability to 
detect noisy signals is improved. The typical hysteresis level! 
of the F100250 is 50 mV. 


The receiver incorporates a transparent latch for data reten- 
tion in synchronous-type operations. The level-sensitive, 
latch ENABLE pin simultaneously controls the operation of 
all latches in the part. Data present on the line inputs (L and 
L) prior to taking ENABLE high is retained in the latch, as- 
suming proper setup and hold timing is met. The latch is 
fully transparent when ENABLE is low. 


Termination is provided internally for 30 AWG twisted-pair 
lines which have a nominal impedance of 150. Higher or 
lower impedance values may be accommodated by use of a 
suitable external termination network. 


Bi-Directionality 


The hallmark of the F100250 is its ability to simultaneously 
send and receive differential-mode NRZ signals over the 
same line. This operational mode is known as “baseband 
full-duplex”. By contrast, full-duplex operation is normally 
accomplished using frequency-division multiplex (FDM) 
techniques. A common example of which is the 103 or 212A 
telephone line modem. The F100250 uses a balanced- 
bridge to separate the transmitted and received baseband 
signals. 


The F100250 can also operate in a uni-directional manner. 
It is suggested that the input to the transmitter for the un- 
used direction be held at a fixed mark or space level. The 
ECL signal inputs (Sin 1-5) incorporate 50 kM, pull-down 
resistors for the purpose of holding the unused input at a 
low (inactive) logic level. 


The F100250 cannot operate in a party-line or multi-drop 
mode due primarily to the fact that the transmitter outputs 
cannot be turned off (i.e., made high-Z or TRI-STATE®). 
Also, connecting more than two devices to the line would 
cause a multiple mismatch to occur since the device’s out- 
put is self-terminating. This restriction should present few 
problems since the primary use for the F100250 will be in 
the highest speed point-to-point type applications. 


SUITABLE TYPES OF TRANSMISSION LINES 


Twisted-Pair Lines 


The F100250 is designed for operation over 1500, 30 AWG 
twisted-pair lines. However, it will operate with a variety of 
other line types and impedances if an appropriate termina- 
tion method is used as will be shown in the application ex- 
ample. 


Twisted-pair transmission lines (Figure 2) are available 
shielded and unshielded, singly and in multi-pair cables, in 
popular ribbon configurations and in combinations of these. 
Impedances range from 932 for 32 AWG solid, unshielded, 
ribbon cable to 1240, 25 AWG, multiple, individually- 
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Note: Ry = Zo 


TL/F/9564-2 


FIGURE 2. Terminating Differential Twisted Pair 


shielded pair and the aforementioned 150, 30 AWG, un- 
shielded, individual pair. Twisted-pair lines exhibit substan- 
tial attenuation and dispersion. This may be seen as the 
rounding and slowing of fast rise-time signals as they travel 
down the line. Attenuation can range from 10 dB to over 
30 dB per 100 feet at 100 MHz. Propagation velocities 
range from 0.66 to 0.78 the speed of light (1.3 ns to 1.6 ns/ 
ft). In addition, the electrical characteristics of twisted-pair 
lines do not permit their analysis by the more traditional 
methods used for coaxial lines. For this reason, the engi- 
neer designing twisted-pair wire transmission systems must 
be equipped to take and interpret measurements on the 
particular line type chosen for the application. This is the 
best, and in some cases the only, way in which the capabili- 
ties and limitations of the particular driver-line-receiver com- 
bination may be understood. Test equipment and fixturing 
will be described later in this note to help in making mean- 
ingful measurements. 


Multiple-Pair Cables 


Multiple twisted pair cables are a popular method of inter- 
connecting computing equipment and peripheral devices. 
Additional considerations must be given when using these 
types of cables. Some of these are: pair-to-pair coupling 
and capacitance, pair-to-shield capacitance and pair-to-pair 
relative propagation delay difference. For example, the 
propagation delay of a single pair in the cable may be 
1.5 ns/lineal-foot and the relative delay between pairs is 
0.5 ns/lineal-foot. The design value for the actual per-unit 


. delay would be 1.45 ns to 1.55 ns/lineal-foot. That is, the 


cable will exhibit a pair-to-pair per-unit-length delta-delay of 
0.10 ns. This delta-delay value can be considered additive 
per unit length between any two given pairs. However, the 
overall delay value for a length of the cable will be that of 
the pair with the longest electrical delay. The overail rel- 


ative delay of the cable will be the difference between those 
pairs with the longest and shortest electrical lengths. This is 
an important delay factor to be considered in determining 
the minimum unit interval (hence, the maximum data rate) 
which can be propagated by the network. 


There is another point to remember when determining the 
delay of multi-pair cables. The delay figures specified in ca- 
ble data sheets (when given) are normally expressed as 
delay-per-unit cable length. This value is greater than the 
actual delay-per-lineal-foot of the pair itself because the lay- 
ers of pairs are laid-up in a spiral wrap. The fact that the 
outer pairs traverse a greater distance due to the spiral wrap 
usually means that they have greater delay per unit cable 
length than the inner layers of pairs. 


Coaxial Cables 


Coaxial cables offer a near ideal transmission medium for 
“digital” data communications signals. Among their more 
desirable features are: a high degree of shielding, wide 
bandwidth capability, high velocities of propagation and low 
attenuation at high frequencies. Coaxial cables are now 
available paired and in multiple (or ribbon) configurations. 
Impedances range from 50M to 125N for standard coaxial 
cables and up to 2000 for twinaxial cables. Appendices A 
and B give a partial list of available coaxial cable with abbre- 
viated data. 


Ribbon coax offers a convenient and compact transmission 
line with mass-termination connector capability. Normally 
available in 759 and 93° versions, it has excellent shielding 
properties because of its foil shielding. Available types have 
moderate attenuation and high propagation velocity. 


Terminating coaxial cables is easily done with a parallel ter- 
mination resistor or by terminating each coax individually as 
shown in Figure 3. 


TL/F/9564-3 


FIGURE 3. Terminating Coaxial Cables 
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As with twisted-pair cables, the electrical length of both co- 
axial cables used for the differential pair must be the same. 
It is usually desirable to temperature-cycle and flex the ca- 
ble prior to cutting and measuring to electrical length. This 
will relieve stresses resulting from manufacturing and stor- 
age on spools. Without stress-relieving, the cable may 
change in physical length and therefore in electrical length 
with unpredictable results for network timing. 


Measuring the Electrical Length of Cables 


Measurement of the electrical length of cables, coaxial or 
twisted-pair, can be done using a time-domain reflectometer 
(TDR) which measures physical length by determining the 
round-trip delay of a fast rise-time pulse signal. The TDR 
can also be used to check for defects in the cable such as 
shorts or opens and impedance discontinuities caused by 
sharp bends or kinks. However, the accuracy of the TDR, 
usually 1%, does not allow precise length or timing mea- 
surements to be made, especially on very short or long 
lengths. More precise measurements require the use of 
multi-frequency phase delay techniques using a vector volt- 
meter or network analyzer and precision frequency sources. 


Transmission Lines on Printed Circuit Boards 


Printed circuit wiring may also be used as interconnections 
for the F100250. Line impedances of 752 to 1002 are easi- 
ly achieved with conventional manufacturing technologies. 
The main points to observe when laying out differential net- 
works on printed wiring boards are: that both conductors be 
the same electrical length and that they are the same im- 
pedance. This will insure that no skewing of the differential 
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signal occurs at the receiver input. Skewing appears as an 
offset in input differential voltage to the receiver. 


A wealth of information on printed wiring design is contained 
in the ‘“‘F100K ECL Databook and Design Guide”’. Differen- 
tial techniques are also covered. 


Estimating Signal Quality 


Before proceeding to the F100250 data transmission sys- 
tem design example, some concepts and terms for the vari- 
ous signal abberations which will be encountered need to 
be defined. 


Signal quality is concerned with the variation between the 
ideal instants of the original data signal and the actual tran- 
sition times of the recovered data signal (Figure 5). Recov- 
ered data transitions may be displaced in time from their 
ideal instants. This is caused by a new wave arriving at the 
receiver before the previous wave has reached its final val- 
ue. This is termed “intersymbol interference’. It can be re- 
duced by making the unit interval of the signal long with 
respect to the rise (or fall) time of the signal at the receiver 
input. Reducing the modulation rate for a given line length 
or vice versa will reduce this form of interference. 


Another form of received-signa! distortion present with syn- 
chronous signalling, like NRZ, is “isochronous distortion”. 
This is the ratio of the unit interval to the absolute value of 
the maximum measured difference between the actual and 
theoretical significant instants. In other words, it is the per- 
centage of the unit interval that is peak-to-peak time jitter of 
the data signal (Figure 4). lf the peak-to-peak time jitter of 
the transition were one-half of the unit interval, the isochro- 
nous distortion would be 50%. 
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FIGURE 4. Estimating Peak-to-Peak Jitter 
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“Bias distortion” is the shortening of the duration of the 
mark-bits with respect to the space-bits or the reverse (Fig- 
ure 8). |t may be caused by a shift of the receiver threshold, 
asymmetrical driver output levels or both. Together, bias 
distortion and intersymbol interference are called “systemic 
distortion”. This is because their magnitudes are deter- 
mined by data transmission system characteristics. Other 
forms of randomly-occurring distortion such as noise and 
crosstalk are called ‘“‘fortuitous distortion”. These are due to 
factors outside the data transmission system. 


Signal Quality Measurement 


Measurements of signal quality on any transmission system 
should always be designed to show the effects of intersym- 
bol interference and bias distortion. This means that the test 
signal must be capable of showing both effects. The use of 


a simple NRZ dotting pattern (a signal with 50% duty cycle 
and frequency of one-half bit-time) cannot show intersymbol 
interference due to its symmetry. It can show bias distortion 
as a change in duty cycle for the recovered dotting pattern. 


The use of a random NRZ data pattern can show both types 
of interference by its unpredictable bit sequence. A pseudo- 
random NRZ data generator built from standard F100K ECL 
devices is shown in Figure 6. This circuit is capable of pro- 
ducing a random sequence (2E20)-1 bits in length at fre- 
quencies up to about 240 MHz. When the data produced by 
this circuit is transmitted over the line and viewed on a suit- 
able oscilloscope, a so-called “binary eye pattern” will be 
seen. This pattern results from the superposition of alternat- 
ing mark and space bits during each unit interval. It is so 
called because the pattern’s center resembles an eye. 
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FIGURE 5. Bias Distortion 
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FIGURE 6. F100250 Differential Line Test Circuit 


100250D 


DATA 
OUTPUTS 


LINE 1 


TL/F/9564-6 





c8S-NV 


AN-582 


The eye-pattern is a useful tool to measure data signal qual- 
ity (Figure 7). The spread of transitions crossing the receiver 
input threshold can be used as a direct measure of isochro- 
nous distortion (peak-to-peak jitter). Rise and fall time can 
be measured by using the self-references of 0% and 100% 
resulting from the long sequence of mark and space bits. 
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The noise margin of the system can be measured as the 
height of the trace above or below the receiver threshold 
level at the sampling instant. The eye-pattern can even be 
used to determine the characteristic impedance of the 
transmission line. The method is discussed in Appendix C. 
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FIGURE 7. Formation of the Binary Eye Pattern 
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The eye-pattern gives, in some ways, the minimum peak-to- 
peak transition jitter for a given line length, type, pulse code, 
and modulation rate. This is because the pattern results 
from intersymbol interference and reflections (if present). 
Minimum jitter conditions only result if: 1) the mark and 
space signal levels from the driver are symmetrical and the 
receiver's threshold is set at the mid-point of these levels; 2) 
the line is terminated in its characteristic impedance; and 3) 
propagation delays through both transmitter and receiver for 
both logic states is symmetrical and without relative skew. 
Signal quality is reduced if any of these conditions is not 
met. 


The decision threshold shown by the displayed eye-pattern 
for a particular driver and modulation rate shows the effects 
of receiver bias (or threshold ambiguity) and offset. The 
slope is small in the threshold region for signals with greater 
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figures 
9a, 10a, 10b 


figure 
11b 


than 20% isochronous distortion. Therefore, small amounts 
of bias produce large increases in isochronous distortion. A 
good practice is to design systems to have less than 5% 
transition spread as shown in the eye-pattern. This mini- 
mizes the effects due to bias and simplifies design require- 
ments for line transmitters and receivers. 


Application Example— 
Putting the F100250 to Work 


The F100250 excells at transmitting over twisted pair wiring. 
Figure 8 shows an example using 50 meters of 1060, 
26 AWG, unshielded pair. The pair used is one of 25 ina 
multi-pair cable specifically designed for digital signal trans- 
mission. Note that termination resistors have been added 
for improved impedance matching to the F100250 line ter- 
minals. The scope photos in Figures 9a and 9b show the 
composite signal conditions at the receiver input. Two pseu- 
do-random signals, 10 MHz and 50 MHz, are present on the 
line in this example. 
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FIGURE 8. Twisted Pair Test Circuit 
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TL/F/9564~9 
FIGURE 9a. Composite Signal at Receiver Input 
(50 MHz) Showing Both 10 MHz and 50 MHz Signals 
on the Line (Differential Mode) 


TL/F/9564-10 

FIGURE 9b. Composite Signal at Transmitter Output 

(50 MHz) Showing Both 10 MHz and 50 MHz Signals 
on the Line (Differential Mode) 


Figure 9a shows the composite signal at the receiver input 
for the 50 MHz signal. Note that both signals appear with 
the received signal (60 MHz) “riding on” the locally trans- 
mitted signal (10 MHz). Figure 9b shows the 50 MHz signal 
as transmitted. Signal attenuation is approximately 2 dB for 
the 50 MHz signal. 
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TL/F/9564~11 
FIGURE 10a. 50 MHz Signal at Receiver Input. 
(Intensification Due to Overlapping 10 MHz Signal) 
20 ns/div. Horiz. 


TL/F/9564-12 
FIGURE 10b. 50 MHz Signal at Receiver Input. 
10 ns/div. Horiz. Peak-to-Peak Jitter 
is Less Than 40% Total. 


Figures 10a and 106 show the 50 MHz signal at the receiver 
input. The peak-to-peak jitter from all sources is about 40% 
maximum. Figure 11a shows the 50 MHz signal at the line 
input (differential mode) and Figure 77b shows the recov- 
ered 50 MHz signal at the receiver output. The effective 
jitter can be seen in the recovered signal. It is important to 
note that the F100250 exhibits no threshold shift which 
would contribute to bias distortion. 








TL/F/9564-13 TL/F/9564-14 
FIGURE 11a. 50 MHz Signal at Transmitter Output FIGURE 11b. 50 MHz Signal at Receiver Output 
(Line Input) (Recovered Signal). Shows Effect of Jitter on Output. 
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APPENDIX B—COAXIAL CABLES 
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Attenuation 
dB/100 ft 
@ 100 MHz 


4.0 @ 50 MHz 





APPENDIX C—- 
MEASURING CABLE IMPEDANCE 


The impedance of a length of cable may be determined 
from simple measurements using the eye pattern. Either of 
two methods may be used. In one method the voltage re- 
flection from a known termination is used to calculate Zo. 
The second method uses direct resistance measurement to 
find Zo. 


Voltage (Indirect) Method 


In the voltage method (Figure C1), the signal generator fre- 
quency is set such that the unit interval of the eye pattern is 


SIGNAL 
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DATA 
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about twice the round-trip delay of the line to be measured. 
The peak voltage (Vpeak) of the eye pattern cell is measured 
(Figure C2a) with a known value termination resistor at the 
far end of the line. Next, the voltage at the end of the bit cell 
(Vnom) is measured. The line impedance can then be calcu- 
lated using the following formula to about 5% accuracy. 
Zo = Rr * ((2 * Vpeak/Vnom) — 1) 

For the waveform shown in Figure C2b, a 519, 5% resistor 
is used as the termination. The peak line voltage is 390 mV. 


The voitage at the end of the bit cell is 240 mV. This gives a 
line impedance of 114.729. 


LINE UNDER TEST 


DIFFERENTIAL 
SCOPE 
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Rr = Suitable fixed resistor (voltage method) or 2502N to 300M variable resistor (cermet potentiometer) for direct method 


FIGURE C1. Line Impedance Test Setup 
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FIGURE C2a 


7-85 





c8S-NV 





AN-582 


ROUND-TRIP 
DELAY 
— nw 





<— _ GENERATORFREQUENCY —> 
= 2 tar 
TL/F/9564-17 
FIGURE C2b. Voltage Method Waveform 


Incidentally, the round-trip delay of the line, represented by Rr < Zo 
the rising portion of the waveform, is 520 ns. Since the ca- sets 
ble sample is 50 meters (164 ft.) long, the delay per foot can 
be estimated to be 1.6 ns per foot. (The data sheet for the 
cable sample used specified the delay of the pair as 
1.575 ns to 1.6 ns per foot and the impedance as 101.52 to 
1052.) 


Resistance (Direct) Method 


The same test setup is used as for the voltage method. A 
variable resistor is substituted for the fixed termination. The 
value chosen should be in the range of 2502 to 3000. 





TL/F/9564-18 
FIGURE C3a. Under-Terminated 
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TL/F/9564-19 
FIGURE C3b. Over-Terminated 


Figures C3a through C3c illustrate the three possible condi- 
tions of termination which can be achieved. Figure C3a 
shows the under-terminated condition where the termina- 
tion value is greater than the line impedance. Figure C3b is 
the over-terminated condition where the termination value is 
less than the line impedance. Finally, Figure C3c shows the 
condition where the termination is adjusted to match the line 
impedance. When this condition is achieved, the value of 
the termination variable resistor, and hence the line imped- 
ance, may be read using an Ohmmeter. 


Using the direct method to measure the same pair sample 
gave a value of 105.92 for the line impedance. This method 
is preferred since it is simple and accurate. 
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The ECL System Solution 


Emitter-Coupled-Logic (ECL) has always been the ugly sis- 
ter in the world of digital bipolar integrated circuit technolo- 
gy, since its introduction in the early 1960’s. ECL has been 
shunned by the average designer due to its large gate pow- 


er consumption (mW/gate in the early days) and the need © 


for controlled impedance circuit boards to minimize noise 
and signal reflections. Non-TTL level power supplies and 
non-TTL I/O levels have also made ECL unfavorable to the 
typical system designer. The only people daring enough to 
take on the challenges of ECL were the system architects 
needing to handcraft their CPUs/interfaces for optimum 
performance. In most other instances, the inherently slower 
TTL and CMOS logic was tolerable, providing an adequate 
way to complete the task at hand without having to go 
through the pain of incorporating transmission line theory in 
board design. The world of system design has changed 
however, and ignorance is no longer bliss. TTL/CMOS logic 
families have advanced to the point where their edge rates 
and propagation delays demand controlled impedance 
board design to avoid the same pitfalls that have always 
been present with ECL. 


Forced understanding of transmission line theory for TTL 
and CMOS has the hidden benefit of making ECL more pal- 
ettable to the modern system designer. As long as the effort 
needs to be expended in understanding the problem, why 
not use the technology that truly offers maximum perform- 
ance at minimum cost? ECL offers the speed that TTL and 
CMOS technologies never will, and the affordability and lev- 
els of integration unattainable by GaAs and other compound 
semiconductors. Key to understanding these arguments is 
that the same advances in process technology that are 
used to enhance CMOS and TTL logic are invariably used to 
advance ECL’s state of the art. The subsequent improve- 
ments result in even faster speeds for ECL at significantly 
reduced power consumption. GaAs is inherently more ex- 
pensive than silicon based technologies (due to scarcity of 
materials and excessive manufacturing costs). Although 
gate-for-gate GaAs may offer faster logic than ECL, the key 
variables impacting component delay are not the circuitry 
and devices for SSI logic, rather interconnect on the die and 
packaging. GaAs is also much more difficult to manufacture 
from a materials handling viewpoint and will probably never 
offer the low costs and levels of density ECL affords. GaAs 
is a niche product that is best suited for specialty applica- 
tions, but it has been, is now, and probably always will be 
the technology of the future. Contrary to the smoke and 
mirrors GaAs houses use to promote ultra high speed GaAs 
circuits, GaAs only offers a 1.5 to 3X improvement in speed 
over silicon ECL in real operating conditions away from the 
security of the supercooled environment of the lab. ECL of- 
fers 10 to 100 or more the levels of integration of GaAs at 
a fraction of the cost. 
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ECL has also made a number of in roads to maintain its 
leadership position in the world of silicon base logic. Over 
the years, ECL has taken advantage of CMOS/TTL pro- 
cessing innovation such that it has overcome its significant 
power consumption, reducing it from mW/gate to w»W/gate. 
High speed system design controlled impedance boards are 
a requirement now for logic families. Contrary to TTL/ 
CMOS, ECL offers zero skew balanced differential outputs 
which further simplify logic design as well as minimizing 
power supply and output switching noise. ECL also offers 
the end user the ability to ‘“‘wire-OR” outputs together, gen- 
erating a positive logic “OR” without the expense of addi- 
tional components. In addition, National (via Fairchild) intro- 
duced the first commercially available temperature and volt- 
age compensated ECL logic family. Unlike CMOS and TTL, 
ECL’s temperature and voltage compensation makes the 
logic much more insensitive to environmental changes 
which is extremely important for the military designer. This 
compensation also eases design verification and system 
debugging by eliminating intermittant problems which can 
be masked by opening a system cabinet or taking it into an 
air conditioned lab for inspection. 
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TL/D/10575-1 
FIGURE 1. Technology Speed/Power Curve 


Fully temperature and voltage compensated logic offers 
much tighter AC specifications (i.e. minimum AC skew) 
across the entire power supply/temperature range because 
the logic is regulated and not allowed to drift with environ- 
mental changes. These tighter skew windows become in- 
creasingly important in local back planes, local distribution 
of clocks and other contro! signals, as well as in distributed 
systems such as modern CAD workstation environments 
where host-server(s) communication is critical to improving 
total system throughput. Figure 2 below shows how com- 
pensation results in much tighter windows for DC levels as 
well as AC switching parameters versus those for uncom- 
pensated logic. 
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ECL has come a long way since its early days of the egg 
fryer SSI/MSI functions and high speed low density SRAMs. 
Today National is the world premier commodity ECL suppli- 
er with the broadest base of ECL product families in the 
industry. National’s offerings include: BICMOS SRAMs with 
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ECL I/O for cache or high speed bulk memory, the world’s 
first BICMOS UV EPROM for microcode store, ECL Stan- 
dard Cell families for custom high speed CPU design, ECL 
Gate Arrays for custom CPU and interface design, ECL 
PLDs for user programmable glue logic, and F100K for glue 
logic. Today’s designer has entire ECL toolkit available for 
system design (see Figure 3). 
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(a) DC output tracking for ECL logic uncompensated for power supply voltage. 


(b) DC output tracking for ECL uncompensated for temperature. 
(c) DC output tracking for fully voltage and temperature compensated ECL. 


(d) AC Switching Skew for Compensated versus Uncompensated ECL logic. 
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FIGURE 2. Comparison of Voltage and Temperature Compensated ECL Logic versus Uncompensated ECL Logic 
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FIGURE 3. High Speed ECL I/O Based CPU 


National is committed to the military aerospace market for 
ECL and is capable of offering any of its commercially avail- 
able ECL products as military grade of “military like” devic- 
es on customer demand. National’s BiCMOS SRAMs 
(based on BiCMOS Il!) combines the best of both CMOS 
and ECL worlds by melding the low power high density 
CMOS for the memory array with the ECL for high speed 
I/O, decoders, and sense amps. National offers a wide vari- 
ety of very high speed ECL I/O SRAMs including 256k x 1, 
64k x 4 and 16k x 4 organizations. Development is well 
under way on a family of 1 Meg ECL I/O SRAMs with ac- 
cess times of 15 ns or less. 
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Additionally, National is supporting the designer with soon 
to be announced BiCMOS ECL I/O 2k x 9 Advanced Self 
Timed RAM having a maximum access time of 5, 7, 10 ns. 
National also has developed a BiCMOS ECL I/O UV 
EPROM, pin compatible with the 10149 ECL fuse PROM, in 
5, 7, and 10 ns speed grades. This UV erasable ECL I/O 
EPROM can be used as high speed core CPU microcode 
store or as a programmable decoder and is programmed 
with standard TTL levels from readily available PROM pro- 
grammers. Higher density BICMOS UV EPROMs in develop- 
ment will soon be able to be used as CPU boot ROMs or for 
program storage. 





National’s ASPECTT™ process has been utilized to provide 
the military system designer with high speed, high density 
fully temperature/voltage compensated ECL I/O standard 
cell capability. Our standard cell library includes mega cells 
such as a 64-bit floating point ALU processor, a 64-bit float- 
ing point multiply processor, multi-port register files, 32-bit 
barrel shifter, 64-bit funnel shifter, as well as a number of 
user configurable soft mega cell functions and the standard 
assortment of gate functions. These cells provide the sys- 
tem architect with the building blocks to design a high speed 
RISC (reduced instruction set computer) processor tailored 
for specific applications. Similarly, National’s ECL gate array 
family offers a lower cost, faster turn-around time solution 
for the CPU/controller design as well as custom interface/ 
glue logic. National’s ECL PALs provide high speed glue 
logic with the flexibility of user programmability using stan- 


dard PAL programming hardware. Last but not least, Nation- 
al’s F100K family is the work horse that rounds out the fami- 
ly, delivering SSI/MSI/LSI logic functions. From AND/ 
NAND and OR/NOR gates to ALUs, Wallace Tree Adders, 
and Carry Look Ahead Generators, F100K is a complete 
logic family that provides the glue needed to tie together the 
larger ECL building blocks. National’s F100K family also in- 
cludes low skew drivers excellent for clock distribution and 
back plane drivers and bidirectional ECL-to-TTL level trans- 
lators which allows the high speed ECL system to interface 
to the slower TTL/CMOS peripherals or subsystems. 

In addition to offering a military processed F100K product 
line, National will soon be offering a fully 883C compliant 
F100K family subset, initially with approximately 30 device 
types. 
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10K vs 100K ECL I/O 
System Considerations 


INTRODUCTION 


System designers have long realized the advantages of 
Emitter Coupled Logic (ECL) for high speed systems. This 
logic family is based on a differential amplifier and has small 
signal swings to prevent transistor saturation when switch- 
ing, thus increasing the switching speed. ECL offers high 
fanout capability and the ability to drive low impedance 
transmission lines. National's BICMOS SRAMs have this 
high speed logic incorporated in their inputs and outputs, 
thus remaining compatible with existing ECL logic, while at 
the same time they take advantage of a high density CMOS 
memory array. ECL logic comes in two different families; 
100K logic in which the input and output voltage levels are 
temperature compensated (Figure 7), and 10K logic in 
which the input and output voltage levels vary over tempera- 
ture (Figure 2). In National’s BICMOS SRAMs both 100K 
and 10K I/O levels are voltage compensated. This applica- 
tion note will focus on the possible problems of mixing these 
two logic families and solutions to these problems. 


Tg =0°C to 85°C 
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FIGURE 1. 100K BICMOS IIl—Compensated ECL 


Vout (Volts) 


“20°18 -16 <14 -12 -10 =08 -06 
Vin (Volts) 
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FIGURE 2. 10K BiCMOS Ill-—Uncompensated ECL 
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100K OUTPUTS DRIVING 10K INPUTS 


From the graph of DC specification levels (Figure 3) one 
can see that at hot temperatures there is only 20 mV of 
margin between 100K Voymin and 10K Viymin. The shrink- 
ing margin as temperature increases is due to the decrease 
in the base to emitter voltage (Vee) of a bipolar junction 
transistor. The input reference voltage (Vgp) for 10K tracks 
this temperature dependence while the 100K output levels 
remain constant across temperature. With this small voltage 
margin at hot combined with system noise and transmission 
line bus drop, the 10K inputs may not distinguish a high level 
from the 100K driver. For this reason it is recommended 
using 100K drivers to 10K inputs only when the system tem- 
perature is maintained below 35°C where there is greater 
than 100 mV of margin. The graph also shows 20 mV of 
margin between 100K Vo_min and 10K Vi, min at hot tem- 
perature. This will not result in a functionality problem since 
these levels are far away from Veg and the 10K input will 
easily recognize the low level. 


10K OUTPUTS DRIVING 100K INPUTS 

There are no functionality problems incurred in driving 100K 
inputs with 10K outputs (Figure 4). The only possible con- 
cern would be that the 100K input is driven slightly into satu- 
ration at hot where 10K Voymax is 160 mV higher than 
100K Vi4max. However, shmoo plots show there is no mea- 
surable speed degradation in National’s BiCMOS SRAMs if 
this scenario were employed (Figure 5). 
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FIGURE 3. 100K Driving 10K 
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FIGURE 4. 10K Driving 100K 
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Device NM100504 64k x 4 BICMOS SRAM 
Temp : 85°C 

Shmoo_ : TAVQV vs Vin 

Comment: Veg = —5.0V 
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FIGURE 5. Shmoo of 100K Device to 10K Input Levels 
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101K 


Besides temperature compensation, the other main differ- 
ence between 10K and 100K logic is the recommended 
supply voltage; —4.2V to —4.8V for 100K, and —4.94V to 
—§.46V for 10K. However, National’s 100K SRAMs will per- 
form just as well at —5.2V +5% since they are fully voltage 
and temperature compensated. 


The use of 100K parts at 10K supplies is commonly referred 
to as 101K. In fact using the 100K BiCMOS SRAMs at the 
higher supply voltage will yield better speed (8% decrease 
in TAVQV), increased alpha particle immunity (from 76 FIT 
at —4.5V to 9 FIT at —5.2V), at only approximately a 16% 
power increase. 


SYSTEM DESIGN CONSIDERATIONS 


100K and 10K logic can be used in the same circuit if the 
necessary tradeoffs are understood. It has already been 
mentioned that the system temperature be kept below 35°C 
when driving 10K inputs with 100K outputs. The reason for 
this is for increased noise margin. There are several key 
factors to controlling system noise: the use of decoupling 
capacitors, ground planes, and matching termination imped- 
ance. Current spikes from outputs switching are a major 
cause of noise on Vcc. Bypass capacitors between Voc 
and Vee and between Vcc and Vrz (termination voltage of 
—2.0V) will help absorb or source current as needed to re- 
duce the transient spikes. Capacitor values of 0.01 uF to 
0.1 «F are recommended and one capacitor per chip 


should be used. The use of a dedicated ground plane 
should be employed in the multilayer board where the chips 
are mounted. The importance of a dedicated ground plane 
is in reducing the resistance in the Vcc lines. Since Vi, Vin 
and Vp are all referenced to Vcc, this will directly affect the 
noise margin (Figure 6). When possible, two ground planes 
should be used. One should be used for Vcc, which is the 
high supply for all the logic internal to the chip, and another 
separate plane should be used for Vccq, which provides a 
separate ground path for the switching output current. In 
this case decoupling capacitors should be used between 
Voc and Veg and between Vccq and Vrz. Also important is 
the use of an AC ground to minimize crosstalk. An AC 
ground can be any DC signal; Vee or Vr7 for example. 
These AC grounds should run between any parallel signal 
lines. Finally all signal lines should be terminated to reduce 
reflections which can cause signal errors. Since ECL out- 
puts do not have internal pull down resistors, a terminating 
resistor to a voltage more negative than Vo, (VtT = —2.0V 
is recommended) should be used. The terminating resistor 
should match the impedance of the transmission line, other- 
wise the reflection voltage will be 


Ri — Zo 
Vr = Vout Poss zs Z0 


where R; is the termination resistance and Zo is the line 
impedance. The output levels are specified at Ry = 509. A 
much more detailed discussion of transmission line theory 
can be found in reference 1. 





FIGURE 6. Reduced Voltage Margin Due to Resistive Vcc Line 
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CASE HISTORY 


A major customer has been successfully using National's 
256k x 1 BICMOS 100K I/O SRAM in their 10K I/O system 
for over a year now. Their secret was to follow the basic 
formula outlined above: they used one 0.01 »F decoupling 
capacitor per memory chip, had a solid ground plane, and 
had matching termination impedance of 50 or 10002 for all 
signal lines. They also have taken advantage of the speed 
and alpha improvement by using a —5.2V supply. Another 
noteworthy point is that this customer uses the DIP pack- 
age, which is inherently noisier due to higher inductive leads 
than National’s ceramic flat pack. 


SUMMARY 


When mixing the two ECL families, the following considera- 
tions must be taken into account. The two families have 
different Vgg input reference voltages which implies that 
when mixing !/O types, the system temperature must 


be monitored. Special attention must be given to Voy mar- 
gin at higher temperatures when 100K outputs drive 10K 
inputs. As well, soft saturation may occur at hot when 10K 
outputs drive 100K inputs, although National’s BiCMOS 
SRAMs do not suffer speed degradation in such a case. In 
addition, allowing enough noise margin through proper de- 
coupling, termination and supply of ground planes is always 
important. Another option available to system designers is 
101K which uses 10K supply levels but has 100K !/O. By 
being aware of all these guidelines, the fastest silicon logic 
(ECL) together with the density and drive capability of 
BiCMOS can be used together in either mix or match 10K or 
100K systems. 


REFERENCES 


1. Matick, R., 7ransmission Lines for Digital and Communi- 
cation Networks, McGraw-Hill, (1969). 
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Terminating F100K ECL 
Inputs 


INTRODUCTION 


Many F100K designs require that certain inputs be preset to 
a HIGH or LOW level. Because of the construction of the 
F100K input circuitry, a LOW can be realized by simply leav- 
ing the input OPEN. However, a HIGH must be terminated in 
a special way, as simply tying the input to Voc/Vcca is un- 
acceptable. 


DESIGN CONSIDERATIONS 


The ranges of Vy and Vi_ at Veg = —4.5V are —880 mV to 
—1165 mV and — 1475 mV to — 1810 mV respectively. 


By staying within these ranges, the input conditions are as- 
sured. Figure 7 shows the voltage versus current for the 
F100K input transistor. If the input is tied to Vcc/Vcoca the 
input transistor saturates (Point D) which can damage inter- 
nal circuitry. The best Vi} to realize a HIGH is a voltage drop 
of 0.9V below Vcoc/Vcca. As can be seen from the graph, 
this locates the quiescent point on the flat part of the curve 
(Point C) midway within the acceptable range of Vip. Figure 
2 shows three ways in which a HIGH can be realized on the 
input. These circuits allow the user to maintain constant in- 
put signals at optimum levels of Veg and temperature. Each 


circuit can handle multiple fanouts, the number depending : 


upon the maximum current capability of the circuit. The de- 
signer should be aware that although Figures 2A, 2B and 2C 
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supply ECL compatible signal levels, they differ in power 
consumption and susceptibility to changes in temperature 
and Veg. 


For designs where there are multiple sintiaed inputs and ex- 
tra logic gates available, fanout from the unused gates is 
possible. As an example of this, one gate of the F100102 is 
capable of driving ten quiescent inputs at voltage and cur- 
rent levels typical of Fi00K as shown in Figure 3. 


Figure 4 shows, in more detail, the F100K puil-up scheme 
and the input circuitry. Although the circuits of Figure 2 are 
good examples, a detailed circuit analysis must include the 
50 kf. input resistor. In Figure 4A, the resistor (Rp) which 
sets the diode biasing current is in parallel with the 50 kN 
input resistor. Likewise, the circuit of Figure 48 shows that 
Ro is in parallel with the input resistor. 


The point to emphasize is never tie an F100K input to 

Vcc/Vcca in order to realize a HIGH preset. Instead, the 

following is recommended: 

e For a LOW level—leave input open or tie to Ver. 

¢ For a HIGH level—tie input to a diode drop or 0.9V be- 
low Voc/Vcca: 

Remember also that the 50 kf input resistor must be con- 

sidered in the circuit parameter calculations. 


INPUT VOLTAGE = V 


TL/F/10644~1 


FIGURE 1. Input Characteristics 
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Note: Nominal values are shown. 


FIGURE 2. Equivalent Circuits for HIGH Termination 
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FIGURE 3. Utilizing Unused Gates to Terminate Multiple HIGHs and LOWs 
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FIGURE 4. Pull-Up Circuit Examples 
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300 MHz Dual Eight-Way 
Multiplexer/Demultiplexer 


INTRODUCTION 
High speed multiplexing and demultiplexing is an integral 
part of the fast expanding telecommunications market, and 
can be used successfully in inter-computer and intra-com- 
puter wide-path communications. The National family of 
F100K ECL components provides an excellent solution to 
this design problem. This applications note describes a data 
transmission scheme that can transfer information at the 
rate of 75 Mbytes per second using only four twisted pair 
transmission lines. 


Using F100341 8-Bit Shift Registers as parallel to serial and 
serial to parallel converters it is possible to design a simple 
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mux/demux that can operate at speeds as high as 300 MHz 
(Figure 1). The data to be multiplexed onto the transmission 
lines are applied as 16 bits (2 bytes) in parallel to the inputs 
of the F100341s where they are loaded into the registers 
under control of a synchronization pulse (SYNC). The mode 


of the F100341s is then changed to shift right and the data 


is transmitted on the output lines at the clock rate. When the 
last bit has been shifted out, the register is loaded with the 
next data to be transmitted. 


ORIGINAL DATA 


P7 PO 
s1 F100341 


MULTIPLEXED DATA 


aes : 
F100250 ' 
ry 
‘ 


TRANSMISSION LINES 


07 sO 
F100341 St 
cP g7 Qt 


Q 


CPa 


F100351 
CPb 


DE-MULTIPLEXED DATA 


TL/F/10645-1 


FIGURE 1. 300 MHz Dual Eight-Way Multiplexer/Demultiplexer 





The clock signal (CLOCK) is a free-running 300 MHz square 
wave and the synchronization signal (SYNC) goes low for 
one clock cycle in every eight. These two signals are trans- 
mitted along with the data to facilitate synchronized recep- 
tion at the other end. 


At the receiving end, the F100341s are used as simple shift 
registers that accomplish the task of demultiplexing the 
data. The SYNC signal controls the loading of the F100351 
receiver registers. 


CLOCK AND SYNC GENERATION 


The CLOCK signal in this application is a 300 MHz square 
wave generated with a voltage controlled oscillator coupled 
with a phase-locked loop. However, any available clock sig- 
nal may be used at a frequency of DC to 300 MHz. 


The SYNC signal is generated with the use of another 
F100341 connected as in Figure 2. This circuit is self start- 
ing, requiring no initialization for proper operation. When 


CLOCK AND SYNC WAVEFORMS 


the SYNC signal is low, the data present at the parallel load 
inputs (PO—P7) are loaded into the register on the next clock 
pulse. When SYNC goes high (as a result of loading the 
high value on PO), the mode of the F100341 is changed to 
shift right and the low loaded from P7 is shifted across the 
F100341 and appears on the SYNC wire eight cycles later. 
This in turn causes the F100341 to load again and the cycle 
repeats. The SYNC signal is high for seven clock cycles and 
low for one cycle, allowing it to be used as the synchroniza- 
tion pulse for the mux/demux circuit. 


F100341 


TL/F/10645-2 
FIGURE 2. SYNC Pulse Generator 
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F 100336 Four-Stage 
Counter/Shift Register 


INTRODUCTION 


Many system designs require bi-directional counting and 
shifting functions. In most cases these functions are sepa- 
rate and unique requirements within the system design. For 
this reason, separate catalog parts are available. In some 
cases however, there is a requirement to have a device that 
will allow both counting and shifting functions. This is espe- 
cially true in arithmetic, timing, sequential, or communication 
applications. National offers a very versatile counter/shift 
register in the F100336. This application note describes its 
function in detail and offers some simple uses. 


DESCRIPTION 


The F100336 contains four synchronous, presettable flip- 
flops. Synchronous operation is provided by having all flip- 
flops clocked simultaneously so that all output changes co- 
incide. This mode of operation eliminates counting spikes 
on the outputs which are normally associated with asyn- 
chronous counters. The clock input is buffered and triggers 
the four flip-flops on the rising (positive-going) edge. 

The counters are fully programmable allowing the outputs to 
be set to either a HIGH (1) or LOW (0). As presetting is 
synchronous, setting low levels on the select inputs (Sg-Sz) 
(see Table |) disables the counter and causes the outputs to 
agree with the parallel inputs (P3—-Po) on the next rising 
edge of the clock. Loading is accomplished regardless of 
the levels of the two enables (CEP, CET). 


TABLE |. Function Select Table 


Parallel Load 
Complement 
Shift Left 


Shift Right 
Count Down 
Clear 

Count Up 
Hold 


ceseceeele 
eeeesare|e 
cencaree|p 
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The F100336 features both synchronous and asynchronous 
clear functions. The synchronous clear is performed by set- 
ting a binary five (101B) at the select inputs. On the next 
rising edge of the clock, the outputs will be forced LOW 
(0000) regardless of the levels at the enable inputs. A buf- 
ferred asynchronous master reset (MR) is provided to clear 
all outputs LOW (0000) regardless of the levels of the clock, 
select, or enable inputs. 


Count up/count down functions are selected with the select 
inputs (So—So). These are synchronous operations and the 
outputs will increment/decrement in value on the rising 
edge of the clock. Both count enable inputs (CEP, CET) 
must be true (LOW) to count. The terminal count output 
(TC) becomes active-LOW when the count reaches zero in 
the DOWN mode or fifteen in the UP mode. Its duration is 
approximately equal to one period of the clock. The TC out- 
put is not recommended for use as a clock or synchronous 
reset for flip-flops. See Figure 7 for timing relationships in 
UP/DOWN counting. 


In simple ripple-carry cascading applications the terminal 
count TC is fed forward to enable the trickle enable (CET) 
input. This method is increasingly inefficient as the counting 
chain lengthens. The upper limit of the clock frequency is 
determined by the clock-to-terminal-count delay of the first 
stage, the cumulative trickle-enable (CET)-to-terminal-count 
delay of the intermediate stages, and the trickle-enable-to- 
clock delay of the last stage. For faster counting rates a 
carry-lookahead scheme is necessary. In this scheme the 
ripple delay through the intermediate stages commences 
with the same clock that causes the first stage to change 
over from MAX to MIN in the UP mode, or from MIN to MAX 
in the DOWN mode. Since the final count cycle takes 16 
clocks to complete, there is ample time for the ripple to 
propagate through the intermediate stages. The critical tim- 
ing that limits the counting rate is the clock-to-terminal- 
count of the first stage plus the parallel-enable-to-clock 
(CEP) setup time of the last stage. Figure 2 shows the con- 
nections for the fast-carry counting scheme. 
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FIGURE 1. F100336 Used as Binary Up/Down Counter 


eemwmocwewesoeence 
Pe mwwmeegaasonnn 
eee ewwcoweccceenne 
ee eee 
wee eew www owe ecoann 
eee rere 


‘ 
' 
‘ 
i] 
' 
' 
¢ 
U] 
‘ 
‘ 
' 
' 
' 
' 
' 
' 
‘ 
‘ 
1 
' 
' 
’ 
’ 
‘ 
' 
' 
' 
' 
' 
' 
' 
' 
' 


‘ 
13| 


ILLUSTRATED =~, 
CLEAR PRESET 


SEQUENCE | >| | 


ASYNCHRONOUS 

CLEAR 
FUNCTION 
SELECT 
INPUTS 


¢ 
d 
Q 
= 
= 
-“ 
v 
c 
o 
c 
a 
© 
t 
3 
) 
£ 
c 
o 
® 
= 
be md 
2 
fe) 
= 
3 
re) 
S 
J 
o 
N 
o 
Cc 
3 
Q 
£ 
c 
2 
5 
ao) 
saad 
& 
a 
fe) 
Oo 
v 


a 
Cc 
= 
c 
=} 
re) 
rs) 
~ 
2 
r= 
= 
w 


TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 
3. Count up to fourteen, fifteen, carry, zero, one, and two. 


INustrated below is the following sequence: 


1. Clear outputs to zero. 
Note: A MR overrides enables, data, and count inputs. 


2. Load (Preset) to binary thirteen. 
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FIGURE 2. Fast Carry Counting Scheme 


Shift right/left modes are performed by making the appro- 
priate selection on the selection inputs (Sg—-So). Each rising 
edge of the clock will cause the outputs to shift once in the 
direction which is selected. For shift-left operation, input D3 
is used as the serial input. For shift-right operation, input 
CET/Do is used as the serial input. During shift operation 
the terminal count output reflects the level at the Q3 output 
and the enables are ‘‘don’t cares”. See Figure 3 for shift 
operation timing relationships and shift sequences. 


The F100336 provides two special modes of operation. The 
complement mode performs a one’s complement of the out- 
puts (Q3-Qo) on the rising edge of the clock input regard- 
less of the levels at the enable inputs. The hold feature is 
asynchronous and simply stops counting or shifting opera- 
tions. Both complement and hold are performed with proper 
selection of the select inputs. For a complete truth table of 
the F100336 operation, refer to Table Il. 


DESIGN CONSIDERTIONS 


Presetting the parallel inputs (P3—Po) may require a mixture 
of HIGH’s and LOW’s. A LOW may be preset by leaving the 
respective input open as the F100336 has a 50 kO. resistor 


to Veg on the parallel inputs. A HIGH must never be made 
by tying the input to Voc/Vcca. This saturates the input 
transistor. Instead the input is set at a diode drop below 
Voc/Vcca for a preset HIGH. 


7-102 


Unused output pairs (Q,/Q,) may be left unterminated. 
However, unused single outputs should be terminated to 
balance current switching in the outputs. For further details 
on system design considerations refer to the F/00K ECL 
Design Guide. For AC/DC performance specifications and 
critical timing parameters refer to the F100336 datasheet. 


APPLICATIONS 


Figures 4 and 5 demonstrate the use of the F100336 as 
UP/DOWN BCD counters. One additional gate is required to 
detect the limit count. Notice the alternate gate methods in 
Figure 4. The F100304 shows the classical AND/NAND de- 
sign similar to TTL and the F100302 shows the OR/NOR 
design of ECL. 

Figure 6 incorporates the use of a F100331 triple D-type flip- 
flop. By using one stage of the F100331, a 50/50 duty cycle 
can be realized from the divider. 

An 8-bit parallel-to-serial shifter can be constructed by cas- 
cading two F100336’s as shown in Figure 7. The third coun- 
ter reloads another 8-bit data word after eight serial counts. 





TYPICAL, CLEAR, LOAD, AND COUNT SEQUENCES 
Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to binary twelve. 

3. Shift-left using Dg as serial input. 

4. Shift-right using CET/Do as serial input. 
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CLEAR PRESET 
TL/F/10646-3 

Note 1: In shift-right mode TC follows the Qg3 output. 
Note 2: In shift-left mode TC follows the D3 input. 


Note 3: CEP is a ‘don’t care” during shifting. 
FIGURE 3. F100336 Used as Bi-Directional Shift Register 





7-103 


AN-684 


Truth Table 
Qo = LSB 
TABLE Il. Truth Table 


Inputs 


| Outputs 
mR | S2 |S: | So | GEP | Do/CET | Ds | cP | as | a | a | o | To Mode 
L pepe fet xf x txt feel ee ef mf Preset (Parallel Load) 


L L Invert 
L 


rc 


H L 


Sang 
clef f=|e 
=x >|» 
= 
ree 
” 
2. 
= 
ra 
2 


L AB ee Oe Ls oo Lo oa Shift Right 
L H L L X | (Qy-Qg) minus1 Qg3) minus 1 Count Down 
L H L H L X Qo Qo Count Down with CEP not active 
L H el za a Ea aaa a eri Count Down with CET not active 
L LL | LH | ea ll | | x Clear 
L H H L L L X Ee | a 1 Count Up 
L H H : H L X Qo Qo Count Up with CEP not active 
L H al =a ae Sel Ba eee Fae Count Up with CET not active 
L PH{[H{ x] x [x] Hold 
H L L = X X X = 2. Es 24 Es 
H L L H X X xX X L L L L L 
H L H L X X Xx xX L L L L L 
H L H H X X X xX L L L L L Aeoncteonous 
H H L L X L X X L L L L L ae asel 
H H L L X H X X L L L L H 
H H L H X X X Xx L L L L H 
H H H L X X : X L L L L H 
H H H H X X X L L L L H 
© = Lif Qg-Qg = LLLL *Before the clock, TC is Q3 
H if Qo-Q3 # LLLL After the clock, TC is Qo 
@® = Lif Qo-Q3 = HHHH 


H if Qo-Qg3 * HHHH 
H = _ HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
_“ = LOW-to-HIGH Transition 
















SL CET PO P1 P2 P3 


F100336 Tc 


CEP CET PO Pi P2 P3 





F100336 Tc 


Qo Qi Q2 Q3 


Qo Qi Q2 Q3 


CLEAR 





F100304 
TL/F/10646-4 
FIGURE 4. BCD Up Counter (0-9) 
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FIGURE 5. BCD Down Counter (9-0) 
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FIGURE 6. Divide by Five 
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Q3_Q2 Qt QO Q3_Q2 Qi QO 


SERIAL/OUT 


P3 P2 PI 


so 
S1 
2. 


Hie MR Qo. Qi Q2 Q3 


F100336 


F100301 
Vir 


TL/F/10646-7 


FIGURE 7. 8-Bit Shift Left 
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Using the F100181 ALU and 
F100179 Carry-Lookahead 


INTRODUCTION 


Speed is of paramount importance in the arithmetic unit of a 
system design. The National F100181 Arithmetic Logic Unit 
(ALU) in conjunction with the F100179 Carry-Lookahead of- 
fer a high-performance and efficient design solution. Be- 
sides the obvious performance benefits, they offer both 
temperature and voltage compensation which leads to bet- 
ter performance stabilization throughout the guaranteed 
ranges. Better noise immunity over TTL devices and more 
efficient designs by using wired-OR logic and complementa- 
ry outputs are also benefits offered by these devices. This 
application note describes the function of the F100181 and 
F100179, offers configurations for their use, and gives a 
detailed timing analysis of the function settling times. 


F100181 FUNCTIONAL DESCRIPTION 


The F100181 is an ALU capable of performing sixteen arith- 
metic and logic operations on two 4-bit words. The operat- 
ing mode is selected by four function-select lines (S3—Sg). 
Arithmetic operations are selected when Sg is LOW, and 
logic operations are selected when S3 is HIGH. When Sz is 
LOW, the arithmetic mode can be selected between binary 
and binary coded decimal (BCD) with the So input [So is 
LOW (BCD); So is HIGH (binary)}]. The remaining function- 
select inputs S;, So select between addition, subtraction, 
and the basic logical operations (refer to Table |). 


National Semiconductor 
Application Note 685 
ECL Applications Staff 


Provision for simple ripple-carry cascading is available with 
the carry output (C, + 4). A carry unit (C,) is provided for 
use with arithmetic operations. In BCD mode, it can be used 
to perform a ten’s complement result in subtraction. Like- 
wise, in binary mode, it can be used to perform a two’s 
complement result in subtraction. 


A full carry-lookahead scheme is implemented for fast, 
simultaneous group carry generation by means of propa- 
gate (P) and generate (G) carries. When used in conjunction 
with the F100179 carry-lookahead generator, high-speed 
arithmetic operations can be performed. Table || presents 
the equations for internal carry-lookahead and C, + 4, P,G 
for the F100181. Refer to the data sheet on the F100181. 


F100179 FUNCTIONAL DESCRIPTION 


The F100179 is a high-speed, carry-lookahead generator 
capable of anticipating a carry across eight 4-bit adders/ 
ALU’s. Carry, generate carry, and propagate carry functions 
are provided to perform full carry-lookahead across n-bit 
words. Table Ill presents the four carry output equations. 
For detailed AC/DC specifications, refer to the F100179 
data sheet. 


TABLE I. F100181 Carry Output Equations 


Ph 
(n = Oto 3) 
Internal Signals | Gi+4| G | 


= A Plus B Plus Cp, (BCD) 
4 = A Minus B Plus C, (BCD) 
Fr, = B Minus A Plus C, (BCD) 
F, = 0 Minus B Plus C, (BCD) 


F, = A Plus B Plus C, (Binary) 


Outputs 


S89-NV 


= A Minus B Plus C, (Binary) 
F, = B Minus A Plus C, (Binary) 
Fr = O Minus B Plus Cy (Binary) 


Fr = AnBn + AnBn 
Fh = AnBn + AnBp 
Fn = An + Bn 

Fr =, An 





Tuoeorrjrrrri[rrrertierree 
Drcrrt|[rerrrl|rrrttilerererer 
ZBaererrjJrrrrl|zrerl|rrerer 
IretrjlTertryjrTrerirjrericwcer 
TIEIT[AIM AQT aA gQaA|I aga 
-H-UDdDwaltC UU! UU UO} UU 


H = HIGH Voltage Level 
L = LOW Voltage Level 
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APPLICATIONS 


Logic symbol representations of the F100179 and F100181 
are shown in Figure 7 with propagation delay paths. The 
times shown are maximum values at nominal room temper- 
ature (25°C) and power supply voltage (Veg = —4.5V) fora 
flatpak package. The propagation delays from the select 
inputs (F100181) are ignored since it is assumed that the 
mode of operation is set prior to application of the input 
word operands. 


A3-9: B3-9 


2.7 ns 





Chex 
TL/F/10647-1 
FIGURE 1. F100179/F 100181 Propagation Delays 


TABLE II. F100181 Carry Output Equations 


= Po + Py + Po + Py 
= Ga F Paty + PPP, + PPP IGS 
n+4=Ge(P+C,) 


Internal Equations for Carry-Lookahead 


(i = 0, 1, 2, 3) 

Co = Ch + S3 

Cy = Go + PoC, + Sg 

Co = Gy + P1Go + PyPo9C, + Sg 

C3 = Go + PoGy + PoP1Go + PoP4yPo9C, + So 


RIPPLE CARRY CALCULATION 


Figure 2 shows the schematic for simple n-stage cascading, 
incorporating ripple carry. Regardless of the width of the 
adder, all stages have a sum and carry from the A, B inputs 
in 6.6 ns. However, this represents the true sum and carry 
for stage one. For each succeeding stage, the C,-to-C,+ 4 
and C,,-to-F propagation delays must be considered. There- 
fore, for n-stages the total settling time for the function out- 
puts during addition is: 


tsum = t[A, B,-to-F] + (N-2) t(Gp-to-Caya) + tCp-to-Fl 

A 32-bit wide adder requires eight stages (n = 8). The prop- 
agation time of the operand inputs (A, B) to the function 
outputs (F) of the first stage is 6.6 ns. The propagation time 
of the carry input (C,) to the function outputs of the last 
stage is 5.0 ns. Each middle stage has a propagation delay, 
Cp to the carry output (Cp +4), of 2.8 ns. The total settling 
time of the function outputs is then: 


tsum = 6.6 + (8-2) (2.8) + 5.0 = 28.4ns 


Figure 3 shows graphically the settling times of each of the 
eight stages. 


TABLE Ill. F100179 Carry Output Equations 


= Gy ° (Py + Go) © (Py + Po + Ch) 

= Gg ¢ (P3 + Go) ¢ (P3 + Po + Gy) © (Pa + Po + Py + Go) 
e (P3 + Po + Py + Po + Cy) 

= Gs ¢ (Ps + Gy) © (P5 + Pg + Gg) © (P5 + Pg + Pg + Go) 
e (Ps + Py + Pg + Po + Gy) (P5 + Py + Pg + Po + Py + Go) 
e (Ps + Py + Pg + Po + Py + Py + C,) 


= Ge (P7 + Ge) ¢ (P7 + Pe + Gs) © (P7 + Pe + Ps + Gy) 
© (P7 + Pg + Ps + Py + Gg) © (P7 + Pe + Ps + Py + Pg + Go) 
e (P7 + Pg + Ps + Py + Pg + Po + Gj) 
e (P7 + Pg + Ps + Pg + Pg + Po + Py + Go) 
e (P7 + Pg + Ps + Py + Pg + Po + Py + Po + C,) 
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A,B A,B A,B A,B 


F100181 F100181 c F100181 F100181 
ALU . ALU ne4 ALU 


F F F 


STAGE 1 STAGE 2 STAGE 7 STAGE 8 


TL/F/10647-2 
FIGURE 2. Ripple Carry 


n 
4TH STAGE ' ped 17.2NS 


Ci Chea 


STH STAGE ‘ 


7TH STAGE t 


C,°F 
TL/F/10647-3 


FIGURE 3. Timing Line Diagram for 32-Bit ALU 
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1-LEVEL CARRY-LOOKAHEAD CALCULATION 


Figure 4 shows a 16-bit adder using one level of carry-look- 
ahead for every two ALU’s. The reason for this arrangement 
is that the F100179 does not provide every C,+,, but in- 
stead provides Cho, Ch+4, Cote, and Chig. One 
F100179 is capable of providing carry-lookahead for 32 bits. 
The timing line diagram for the 16-bit ALU with one level of 
carry-lookahead is given in Figure 5. The equation which 
describes each 32-bit stage is given by: 


tsum = t{a,B-to-P,G] + t[Cp-to-F] 
+ tCh-to-Th yal Ls tIP,G-to-Ch+al 


STAGE 2 


A,B 
F100181 


n ALU 
P 
e 
* 


FIGURE 4. 1-Level Carry-Lookahead 


0 


To expand this scheme past 32 bits (eight ALU’s) requires 
that the adder be broken into 32-bit groups connected with 
ripple carries since group generate and propagate are not 
available from the F100179. Each 32-bit group past the first 
one adds one F100179 P, G-to-C,+, time to establish the 
Carry into the next 32-bit group. Figure 6 shows this method 
of interconnection. 


FAST 16-Bit 1-Level Carry-Lookahead 


Another method for implementing a 16-bit adder with faster 
carry propagation is shown in Figure 7. In this example, the 
full capability of the F100179 is used by forcing carry propa- 
gation through the odd-order stages. The carry outputs, 
Cy+ , are then used to supply the appropriate carry bit to 
succeeding stages. The equation describing the critical path 
becomes: 


tsum = t[A,B-to-P,G] + t[P,G-to-Cp+y] + tIC,-to-Fl: 


STAGE 3 STAGE 4 


A.B 


F100181 
ALU 


A,B 


F100181 


Chea ALU Snes 


F100179 


5 


TL/F/10647-4 


10 15 


tt tr) 


A, BF 


1ST STAGE ——— 6.6ns 
' 


C.F 


1 
aii 
2ND STAGE beeen 11.678 


(A, B>P)# (P,G*Cno2), 


3RD STAGE Cosme 11,9 1 


(A, B>P)+ (P.6->Cyo) 


a, ——SS= sk 
4TH STAGE —Se ns 


C,°F 


Cy?F 


C,° Chea 


TL/F/10647-5 


FIGURE 5. Timing Line Diagram for 16-Bit ALU with 1-Level Carry-Lookahead 
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A,B A,B A,B A,B 


C, Cue4 
F100181 F100181 F100181 c F100181 
ALU ALU nt4 ALU 


F100179 : F100179 


FIGURE 6. Expansion Past 32 Bits for 1-Level Carry-Lookahead 


STAGE 2 STAGE 3 


A, B A, B A, B 


Fi00181 F100181 F100181 


Cae4 


F100179 


FIGURE 7. Fast 16-Bit 1-Level Carry-Lookahead 


A,B 


F100181 
ALU Coed 


TL/F/10647~6 


STAGE 4 


A, B 


F100181 


TL/F/10647-7 
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1ST STAGE 


| 
A, B>P,G#P,G7C45 Cor 
' (2ND STAGE) 


(1ST STAGE) 


SN 
2ND STAGE nna) 11.9 ns 
' 


A,B>P,G#P,67Cry, | 
(2ND STAGE) 
3RD STAGE 
1 
A,B>P,G+P,6>Crag | 
(3RD STAGE) 


' 

y -_ 

I ce 

' | (3RD STAGE) 


a 
i FCae 
(4TH STAGE) 


11.9ns 


ATH STAGE —— ns 


TL/F/10647-8 


FIGURE 8. Timing Line Diagram For Fast 16-Bit 1-Level Carry-Lookahead 


TWO-LEVEL CARRY-LOOKAHEAD CALCULATION 


The word widths of 32 bits or more, a two-level carry-look- 
ahead scheme like that shown in Figure 9 is preferred. One 
of the two F100179’s generates a carry for the even-num- 
bered ALU’s; the other generates a carry for the odd-num- 
bered ALU’s. The timing line diagram for this method is giv- 
en in Figure 10. The equation describing the 32-bit summa- 
tion is: 


tsum = t1A.B,-to-P,G] + t[P,G-to-Cy 44) + tlcy-to-F] 


STAGE 1 STAGE 2 


A,B A,B 


FIo0i8t F100181 
ALU Cn mn ALU Sn 


This scheme can be expanded past 32 bits as in the previ- 
ous case by interconnecting 32 bit groups with ripple car- 
ries. Each 32-bit group past the first adds one t[p,G-to-Cp+,l 
delay to the total add time. Table IV summarizes the add 
times for all three schemes discussed in this application 
note. 


STAGE 7 STAGE 8 


A.B A,B 


F100181 ¢ F100181 
ALU nt ALU 


F100179 
LEVEL 1 


F100179 
LEVEL 2 


TL/F/10647-9 


FIGURE 9. 2-Level Carry-Lookahead 
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{ST STAGE Sd 
i} 
A, B>P,G 
SN amram ican 
2ND STAGE (ed | 1.9 NS 
, ' | 
P,G>Ci40 
(LEVEL 2) 
A,BoPG , «4 CF 
SSN, '_—---~— 
SRD STAGE een) | {9 1S 
Crt 
PG Che2 
(LEVEL 1) 
A,BoPG , «, CF 
=—e_—s | ooo 


wel 
P,G>Cr44 
(LEVEL 2) 


TL/F/10647-10 
FIGURE 10. Timing Line Diagram for 32-Bit ALU with 2-Level Carry-Lookahead 


TABLE IV. Summary of Add Times 


with with with 
Ripple Carry (1) F100179 (2) F100179 
(ns) (ns) (ns) 
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ORDER INFORMATION 


The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 


100XXX or11CXX D C QR 


Device Number Special Variations 
(basic) QR = Commercial grade device 
with burn-in 
Package Code *QB = Military grade device with 
D = Ceramic Dual-In-Line environmental and burn-in 
F = Flatpak or Quad Cerpak processing 
*Q = Plastic Chip Carrier (PCC) 
Temperature Range 
C = Commercial (0°C to + 85°C) 
*M = Military (—55°C to + 125°C) 


*Available in 300 Series devices only 


For most current packaging information, contact product marketing. 





Physical Dimensions 
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All dimensions are in inches (millimeters) 


14 Lead Ceramic Dual In-Line Package (D) 


NS Package Number J14A 


0.290-0.320 
(7.366-8.128) 


86°94° 
10° MAX 


0.310—0.410 
(7.874-10.41) 


0.005, 


(0.127) 127) GLASS 
MIN SEALANT 


0.785 


(19.939) 
MAX 


0.220-0.310 
(5.588-7.874) 


0.200 

(5.080) 

MAX 9 920-0.060 
(0.508-1.524) 


0.060 +0.005 
—— 
(1.524 +0.127) 


TYP 


* 0,008-0.012 
(0.203—-0.305) 
0.0598 


(2.489) 
MAX BOTH ENDS 


0.125-0.200 
(3.175-5.080) 
0.150 


(3. (3.81) 
MIN 


0,018 +0.003 003 | 

a (0.457 +0.076) 457 +0. on 
0.100 +0.010 

(2.540 20.254) 


J14A (REV G) 


16 Lead Ceramic Dual In-Line Package (D) 


NS Package Number J16A 


0.005 
(0.127) 
MIN 


0,290 —0.320 
[ ae (7.366—8. i 


(4.572) 572) 
a 


aw, 0:908 — 0.012, 
(~ (0.203—0.305) 203 —- 0.305) 


0.080 
(2.032) 
MAX 
BOTH 
ENDS 


0.310 —0.410 
(7.874 — 10.41) 
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(19.939) 
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0.005 —0,020 
(0.127 —0.508) 
RAD TYP 


0.200 
(5.080) 


GLASS 
SEALANT 


0.055 + 0.005 
(1.397 + 0.127) 


woe 





0.125—0.200 0.020-0.060 
(3.175 —5.080) (0.508 — 1.524) 


0.018 0.003 a3, | 
(0.457 +0.076) oe 


0.037 + 0.005 
(0.940 + 0.127) 
J16A (REV K) 


0.100 + 0.010 
(2.540 + 0.254) 540 + 0.254) 


: 





24 Lead Ceramic Dual In-Line Package (0.400” Wide) (D) 


NS Package Number J24E 


GLASS 0.055 + 0.005 
SEALANT (1.397 + 0.127) 


(2.540 + 0.254) 
TYP 


BOTH ENDS 


0.030~0.055 
(0.762 — 1.397) 
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0.037 +0.005_ 

(0.940:£0.127) 0.400 ~0.430 
0.020 0.070 (10.16 — 10.92) 
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95° $5° 0,008 0.012 
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0.125 "TYP 
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TYP 


J24E (REV G) 


16 Lead Small Outline Integrated Circuit (S) 


NS Package Number M16A 
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(3.810 —3.988) 
0.010 —0.020 
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bi amrece ALL i 
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TYP ALL LEADS 0.008 
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4@0613°0¢«122~«TNsi 


0.228 -0.246 
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(1.346 - 1.753) 0.004 0.010 
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Physical Dimensions 


28 Lead Plastic Chip Carrier (Q) 
NS Package Number V28A 


6 SPACES AT 


0.050 
(1.270) 
0.130 — 


(3.302) 
DIA 


NOM 
PEDESTAL 


NOM SQUARE 
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' 
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REF SO 


0.485 —0.495 
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SQUARE 


Note: Pedestal as shown on base is not available for F100K ECL products. 
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16 Lead Ceramic Flatpak (F) 
NS Package Number W16A 


0.050 —0.080 0.371 --0.390 
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24 Lead Quad Cerpak (F) 
NS Package Number W24B 
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